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JOHNSON JV, STEWART WF. Measuring work organization exposure over the life course with a
job-exposure matrix. Scand J Work Environ Health 1993;19:21---8. In most epidemiologic studies of
occupational stress, work exposure is measured at only one point in time. This article presents a meth­
odology for measuring the intensity and duration of work organization exposure over a lifetime. A
job-exposure matrix for work organization was developed from data on a random sample (N=12 084)
of the Swedish labor force. The matrix consisted of mean exposure estimates for work control, social
support, psychological and physical job demands, and job hazards for 261 occupations. Several vali­
dations of the matrix were undertaken. The matrix scores were found to be significantly correlated
with individual self-report scores, and a similar increase in chronic disease prevalence with decreasing
work control was found for both the matrix and the individual scores. The matrix was applied to oc­
cupational history data to construct lifetime exposure profiles. Potential problems in using attribution
systems for exposure assessment are discussed.
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Increasing evidence suggests that expo sure to adver se
work organization characteristics (such as high per­
formance demands coupled with low leve ls of work
control and social support) place ind ividuals at in­
creased risk of stress and chronic illnesses (1-1 2).
A number of major methodological challenges re­
main, however, before a clear causal association be­
tween work organization and physical illness can be
established (5, 13-17). One such challenge involves
the question of how exposure to work organization
is conceptualized and measured.

In population-based epidemiologic studies, work
characteristics have been measured in two ways.
Questionnaire responses of large samples about their
work content have been used to characterize the ex­
posure of individuals at the time of the interview (5,
7, 11, 12), or, alternatively, national survey registers
have been used to develop attribution systems by
aggregating survey responses of individuals to arrive
at occupationally representative scores for work en­
vironment characteristics (18-21). These occupa­
tional scores are then attributed to subjects (freq uent-
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ly in another data set) on the basis of the job held at
a given point in time (19, 20, 22, 23). Both of these
measurement systems share methodological weak­
nesses in that the exposure status is usually assessed
cross-sectionally and is based solely on the job held
at the time of interview. Indeed, with a few excep­
tions (5, 16, 24, 25) , the idea of exposure as a time­
dependent process exerting an incremental effect on
the risk of disea se has not been thoroughly concep­
tualized or investigated in the occupational stress
field. In earlier population-based studies it was as­
sumed that work organization either exerts an acute
effect on disease risk or that the exposures for all past
occupations were identical to those of the last occu­
pation. The fir st assumption is inconsistent with re­
cent evidence that cumulative exposure to adverse
work organization is associated with an excess risk
of chronic disease (7-12, 18-20, 22, 23) . Given
the propensity for job change and career mobility in
modern society, the second assumption is not reason­
able . Moreover, in such studies the potential effects
of prior exposure such as that motivating an individ­
ual to change occupations and the time-dependent
relationship between exposure and disease risk can­
not be evaluated.

This paper presents a procedure for assessing ex­
posure to three psychosocial and two physical work
organization charac teristics retrospectively. Using
methods developed in occupational epidemiology
(26), we have developed a job-exposure matrix for
work organization (ie, a work organization matrix)
to assign exposure scores retrospectively to occupa­
tional title groups and create an individual worklife
time-exposure profile.
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Material and methods

In occupational studies of chemical agents a detailed
profile of exposure to a specific agent is often lack­
ing, and, for diseases with long incubation and la­
tency periods, data are typically insufficient to de­
fine exposure quantitatively on an individual basis,
Exact approximations of a worker's exposure pro­
file is only possible when the induction and latency
periods are short or when monitoring data have been
systematically collected over the period of employ­
ment of the study cohort. These challenges have mo­
tivated the use of surrogates of the subject's specific
exposure profile, for example, the job-exposure ma­
trix (26-28), which is used to approximate expo­
sure intensities over time. The simplest type of job­
exposure matrix consists of occupational groups or
some other means of defining homogeneous expo­
sure clusters (27-28). Other dimensions are added
to the matrix when exposure variation exists within
occupations. We have applied this general approach
to the construction of a work organization matrix.

Sample
The 1977 and 1979 years of the Survey of Living
Conditions made by Statistics Sweden were used to
construct the work organization matrix. The response
rates were 81% in 1977 and 89% in 1979. The sur­
vey is performed annually and consists of systemat­
ic random samples of the entire Swedish population
from the ages of 16 to 74 years. These two years
were chosen because they contained the most exten­
sive information on the work environment. The work
organization matrix was based on the responses of
12 084 employed Swedish citizens between the ages
of 25 and 74 years. Altogether 5658 subjects (46.8%)
were women and 6426 (53.2%) were men. Non­
Swedish citizens were excluded because of the like­
lihood that a significant portion of their work histo­
ry had occurred in their native country. A 25-year­
old age entry criterion was used because no data on
occupational history were available before this age.

Measurement of work characteristics
The indicators for the work environment character­
istics used in this study have been shown to predict
cardiovascular disease (11-12) and psychosomatic
strain. The questionnaire items have been published
elsewhere (12, 25, 29-31), and the reliability and
validity of the indicators have been discussed in sev­
eral publications (7, 11, 25, 29-31). All of the scales
were multiplicatively transformed so that the scale
scores ranged from 0 to 10.

The work-control scale is a l2-item indicator
measuring decision authority and skill discretion on
the job with a mean of 4,89 and a standard devia­
tion of 2.01. Cronbach's alpha is 0.75 for this scale.

The work social-support index is a four-item mea­
sure of the availability of social interaction in the

22

workplace and with co-workers. The mean of the in­
dex is 8.67, and the standard deviation is 2.14. No
alpha has been computed for this index since it meas­
ures interaction opportunities rather than a latent con­
struct.

The psychological job-demand indicator is a two­
item scale that measures time pressure and psycho­
logical demand. It has a mean of 4.70, a standard
deviation of 3.94, and a reliability coefficient of 0.60.

The physical job-demand indicator consists of five
items that measure the physical burden of the job.
The mean of the scale is 4.70, its standard deviation
is 3.94, and its Cronbach's alpha is 0.73.

The hazardous exposure scale is made up of sev­
en items that address a series of exposure character­
istics that are potentially hazardous. It has a mean
of 2.65, a standard deviation of 2.23, and a Cron­
bach's alpha of 0.71.

Statistical methods
In the interview the subjects were asked to recall their
complete work history and the duration of time each
job was held. Information on only the current occu­
pation was used to construct the work organization
matrix. The Nordic version of the three-digit Inter­
national Standard Classification of Occupations was
used to form 261 occupational title groups (32). Ex­
posure scores for each job characteristic were esti­
mated by gender, occupation, age (two categories:
25---44 and ~45 years), and the duration of time in
the specific occupation (three categories: 1-5,6­
19, and ~ 20 years). Separate job-exposure matrices
were developed for the men and women on the ba­
sis of the previous work of Hall (30), who reported
that the majority of Swedish workers are employed
in jobs that are highly gender segregated. In addi­
tion, Hall reported that there are significant gender
differences in the level of work control for men and
women holding the same job (32). These findings
suggest that men and women in the Swedish labor
force, and even in the same occupation, can be ex­
posed to differing levels of work organization char­
acteristics (33).

In its most stratified form the work organization
matrix distinguishes between chronological age and
duration of employment within a specific occupation.
Previous job-characteristic attribution systems have
stratified or adjusted for age (20-21). Since age is
more readily available than duration of employment,
and in order to increase the general utility of the work
organization matrix for other investigators, gender­
specific occupational scores were stratified by age
alone (the duration categories being collapsed). Gen­
der-specific occupational means (collapsed across
age and duration of employment) have also been in­
cluded in the work organization matrix. The decision
to use one form or the other is up to the investigator
and would depend on his or her specific research



question and the availabilit y of information related
to age and duration of employment.

Although age is often used as a proxy for dura­
tion of employment , the introduction of a sepa:ate
time dimension strengthen s the accuracy of the Job­
characteristic estimates in those situations when age
and durat ion of employment are not the same. At an
individual level, to the extent that a worke r moves
in and out of the labor force or undergoes career
mobility, chronological age wi ll n~t ~deq~atel'y

measure duration of employment. Thi s situano n IS

the truest for women, who often leave the labor force
dur ing child-rearing years, to return again later in
life. A woman, on reentry into the labor force, must
often lite rally "begin at the beginning" - even
though she may be older. We have found that in cer­
tain jobs predomin ately performed by women (such
as typist, secretary , cashier, and bookkeeper) wom­
en who start working in their forties report lower lev­
els of work control than do women who start these
jobs in their twenties. . . .

In an analysis of variance of both the indiv idual
scores and the matrix-attributed scores age, duration
of employment, and the age-duration interaction were
found to be statistically significant.

The Stati stical Analysis System (34) was used to
generate the input data set for the matr ix. This pro­
ced ure was performed separately for the men and
women, and it created occupatio nal means and vari­
ances for the five work characteristics. Accord ing to
the criterion established in earlier occupational at­
tribution system s, a minimum sample size of four
was required for a gender, occupation, age, and du­
ration of work specific category to estimate directly
the mean score and standard deviation (20-21). If
the sample size was less than four, then we estimat­
ed the cell-specific mean by borrowing data from the
nearest neighbor cells until the sample size for the
estimate was itself greater than or equal to four. The
order of borrowing was gender-spec ific, occurred
mainly within the three-digit occupational code, and
was decided on the basis of proximity of an age- and
duration-specific cell to the cell of interest.

The coeffi cient of variation (CV) (standard devi­
ation/mean) was used to examine the relati ve varia­
bility of the estimates of the work organiza tion ma­
trix for the work-control variable as a function of the
sample size of the cell. The CV values generally
ranged from 0 to 0.85 for both the men and the wom­
en, the majority of estimates rangi.ng from 0. 10 .to
0.60. The average CV was approx imately 0.35, Ir­
respecti ve of cell size. Though the CV range was
somewhat broader for the smaller cell sizes, there
was little indication of a meaningful associ ation be­
tween cell size and the magni tude of the CV. We
would also note that when the work organization
matrix was applied to individuals in the study sam­
ple, only 4% of the men and 2% of the women re­
ceived estim ates derived from cell sizes of four. Al­
together 85% of the men and 90% of the women re-
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ceive d estimates derived from a cell size of eight or
more.

All of the technical and other details regarding the
work organization matrix have been publi shed as a
research monograph that is available upon request
(25) .:1

Results

Proportion of variance explained by the work
organization matrix
The proporti on of the populat ion variance in ~ w?rk
characteristic explained by the work orgaruzation
matrix was assessed through a comparison of attrib­
uted and self-report scores associated with the oc­
cupation held at the time of the interview acco rding
to the methods developed by Schwartz et al (2I). The
proportion of the total sample variance explained by
the work organization matrix was estimated from the
correl ation of the attributed score specific for gen­
der, occ upation, age, and duration of employment
with the self-report score. The Cronb ach 's alpha re­
liabil ity coefficients reported in the Measurement of
Work Characteristics section were used to estim ate
the upper bound of variance that can be reli ably
measured for each sca le (2 1). The ratio of variance
estimated from the attr ibuted scores to the total re­
liable variance, estimated by Cronb ach 's alpha , was
derived for each sca le.

Although the prop ortion of varian ce explained by
the work organization matrix (table I) was greater
for the men than for the women, the pattern was sim­
ilar for both genders. Of the five variables , the at­
tributed score for physical jo b demands accounted
for the greatest proport ion of explained variance for
both genders, and the largest ratio of explained to
reliable variance (ie, 73% for the men and 49.3% for
the women). The work-control and job-hazard indi­
ces also explained a meaningful proportion of the
individual score variance for the men and women.
The ratio of expl ained to reliabl e variance ranged
from 32.4 to 63.5 % for the women and men, respec­
tively. The attributed score for psychological job de­
mands explained the least reliabl e variance (29.3%
for the men and 24% for the women). Thi s find ing
was not unexpected, given that the few items com­
prising this index were more likely to reflect the in­
dividual perception of work conditions at the time
of the interview in contrast to the structura l charac­
teristics of the job . As such, there is likely to be
greater heterogeneity of exposure within anyone oc­
cupational category. The social support indicator also
explained only 25% of the sample variance. Thi s
situation may be due to the considerable variation in

3 The complete job-exposure matrix (25) is available in
Stress Research Reports, number 221, from the Swed­
ish National Institute for Psychosocial Factors and
Health, Box6021 0, S-104 01Stockholm, Sweden.
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Table 1. Proportion of sample variance and total reliable variance" explained by the work organization matrix for five work
characteristics among Swedish men (N =5312) and women (N =5069). (R2= explained variance)

Men Women

Job variable Ratio of R2to Ratio of R2 to%W total reliable variance
%R2

total reliable variance

Work control 47.6 63.5 34.8 46.4
Social support 25 .0 22.1
Psychological job demands 17.6 29 .3 14.4 24.0
Physical job demands 53.3 73.0 36.0 49 .3
Job hazards 43.6 61.4 23.0 32.4

" Total reliable variance determined by Cronbach 's alpha reliability coeff icient.

Figure1. Regression of the individual self-report scores for
work control on the attributed scores for work control of the
work organization matrix (WOM) among 5312 employed
Swedish men. The broken line represents the best fit of the
self-report and attributed scores and the unbroken line is the
observed regression line.

social support opportunities that occur within occu­
pations (ie, variance that is not captured by the work
organization matrix indicator) . By contrast, the items
comprising the work-control and physical-demand
indicators focused on characteristics that were more
likely to vary markedly between occupations. Simi­
lar findings have been noted by Schwartz et al (21)
regarding the psychological-demand and work-con­
trol indicators.

It is possible that a proportion of the variance in
the individual self-report scores explained by the
scores of the work organization matrix may be due
to the fact that the scores were initially derived from
these same individual self-reports. In order to test
whether this issue of circul arity accounted for the
observed associations, we applied the work organi­
zation matrix to a different nationally representative,
random sample (N = 6138) that was collected by Sta­
tistics Sweden in 1980 and included a physical job-

WOM Attributed Scores

Chronic disease prevalence
We compared the self-report and attributed scores by
examining their respecti ve odds ratios for the prev­
alence of cross-sectional chronic disease morbidi ty.
Work control was selected for this purpose because
of its known association with stress-related chronic
disease conditions (9). The latter was defined as a
dichotomous variable of having one or more of a sub­
set of illnesses with a plausible stress-related eti­
ology, including cardiovascular disease, digestive
system disorders, and back problems. For this anal­
ysis both the attributed and self-report work-control
scores were divided into quartiles using the same
score values for defining each category.

The odds ratios for both the attribut ed and self­
report scores exhibited a similar stepwise increase in
the odds ratios for chronic illness with decreasing

demand indicator. This check yielded a correlation
of 0.61 for the men and 0.47 for the women between
the scores of the work organization matrix and the
individual self reports for physical job demands. Al­
though the magnitudes of these associations are
somewhat less than those previously obtained, they
are sufficiently strong to suggest that circularity does
not account for the preponderance of the associations
reported in this article.

The attributed score for work control was re­
gressed on the self-report score to examine the spe­
cific relation between these two methods of assign­
ing scores to individuals, and the results are depict ­
ed in figure 1 for the men. The pattern obtained for
the women was almost identical and hence has not
been displayed. The broken line represents a simple
linear or best fit of the attributed and self-report
scores. The unbroken line is the actual observed re­
gression line estimated from the observations for
each gender. The regression line (unbroken line) was
estimated according to Cleveland's smoothing pro­
cedure (35), a nonparametric method that fits the best
line to a sequential moving subset of observations,
rather than imposing a single linear model on the
data. The actual observed trend was found to approx­
imate the "ideal" regression line very closely, for
control values in the mid to upper range. At the low­
er end of the scale, however, the attributed score
tended to underestimate the self-report score.

97 865432o
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Table 2, Gender-specific age-adjusted odds ratios and 95% confidence intervals for the attributed scores of the work or­
ganizat ion matrix and self-report scores of the Swedish men (N =5312) and women (N =5069 ) determined for the relation
between chronic disease prevalence and work control by quartiles. (OR =odds ratio, 95% CI =confidence interval)

Men Women

Work-control Work organization Self report Work organization Self reportquart ile matrix matrix

OR 95%CI OR 95%CI OR 95%CI OR 95%CI

High control 1.00 1.00 1.00 1.00
Medium high control 1.25 1.07-1.46 1.27 1.08-1 .49 1.18 1.00-1.40 1.21 1.01- 1.44
Medium low control 1.50 1.27-1.78 1.40 1.16- 1.71 1.15 0.96-1.38 1.06 0.87-1.27
Low control 1.70 1.43-2.03 1.76 1.51-2.04 1.46 1.21-1.76 1.35 1.16-1.57

Table 3. Application of the work organiza tion matrix 10a subject's work history to create a lifetime exposure profile .

Calendar Work Psychological Social Physical JobJob title' year of control job support job hazardsexposure demands demands

Work organization matrix
Motor vehicle and tram drivers (633)

25-44 years of age

1-5 years of employment 3.88 4.74 7.06 4.39 3.72
6-19 years of employme nt 4.76 4.91 6.37 5.50 3.92
;, 20 years of employment 4.67 5.38 4.76 6.10 4.31

;, 45 years of age

1-5 years of employment 4.72 4.50 6.92 5.08 2.77
6-19 years of employment 3.98 5.19 7.06 4.93 3.37
;, 20 years of employment 3.63 4.62 7.08 4.85 3.47

Miners and quarrymen (501)

25- 44 years of age

1-5 years of employment 3.50 3.00 9.23 7.59 8.33
6-19 years of employment 3.39 2.86 8.90 7.62 8.09
;,20 years of employment 4.97 4.88 9.53 7.67 S.71

;,45 years of age

l -S years of employment 3.93 5.00 9.26 8.07 8.02
6-19 years of employment 4.03 5.83 8.89 8.33 7.59
;, 20 years of employment 4.97 4.88 9.53 7.67 5.71

Subject-specific exposure profile by calendar time
Motor vehicle and tram drivers (633)

< 45 years of age

1-S years of employment 1926-1940 3.88 4.74 7.06 4.39 3.72
6-1 9 years of employment 1941-1949 4.76 4.91 6.37 S.50 3.92

Miners and quarry man (SOl)

< 45 years of age

1- S years of employment 19S0-1952 3.50 3.00 9.23 7.59 8.33
;,45 years of age

l-S years of employment 1953-1955 3.94 5.00 9.26 8.07 8.02
6-1 9 years of employment 1956-1 969 4.03 5.83 8.88 8.33 7.59
;, 10 years of employment 1970-1974 4.98 4.88 9.52 7.66 5.71

Code of the Nordic version of the Internation al Standard Classification of Occupations in parenthese s.

levels of work control for the men (tab le 2). Among
the men the expos ure-response trend was more in­
dicative of a stepwise pattern when the attributed
score was compared with the self-report score.
Among the women no stepwise pattern was ob­
served; rather a similarly elevated odds ratio for both
measurement methods was found for the medium
high and lowest control quartiles.

Linking the work organization matrix with
occupational history
The application of the work organization matrix to
an individual work history is iIIustrated in table 3 and
depicted graphicaIly for work control, psychological

job demands, and socia l support in figure 2. We cre­
ated an exposure pro file by applying the scores of
the work organization matrix for motor vehicle oper­
lator and miner to the subject's work history. At each
stage of his or her work career, age- and duration­
specific job scores were assigned to the individual 's
work history as he or she aged, gained more exper i­
ence, and changed jobs.

Discussion

Previous exposure assessment of work organization
in the occupational stress field has been based pri­
marily on single point assessment of the respondent's
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WOM Score
10 · - - ..- - -- ------ _.._-.

Social Suppor t

PSyCh Dem ands

Work Control

0 ' " ' 1"' 1 "'1" '1 " '1 " ' 1 ' '' 1 ' '' 1'' ' 1 '
1936 1940 1944 1948 1952 1956 1960 1964 1968 1972

Year of Employment

Figure 2. Example of the work organization matrix (WOM)
applied to an individual 's job history to construct a lifetime
exposure profile for psychosocial work organization charac­
terist ics. (Psych = psychological)

perception of the work situation at the time of inter­
view. Although the inadequacy of this approach has
been pointed out by other investigators (5, 16), to
date, the methodology has not existed that would per­
mit an examination of the relatio nship between du­
ration and intensity of work organization exposure
and chronic disease risk. The purpose of this paper
was to begin to address this major method ological
weakness in the psychosocial work-environment field
through developing a way to measure the durat ion
and intensity of work exposure over a lifetime. We
do not cla im that this is the perfect or even the most
preferable approach; rather it is an initia l attempt to
address some of the limitations in the field in order
to promote the study of work orga nization factors
with greater methodological rigo r.

Th is paper illustrates the application of a matrix
for work organization exposure to self-reported job
histories to develop individual exposure profiles. It
was found that the elements of the work organiz a­
tion matrix that measure more objec tive aspects of
occupational exposure, such as work control and
physical job demands, expl ained a substantial pro­
port ion of the total sample variance. In addition, a
similar pattern of association was found for both the
work -control scores of the matrix and the individu ­
al self-report scores in regard to cross -sectional
chronic disease prevalence. The methods outlined in
this article , although developed with Swedish data,
should be applicable to other national settings in
which similar data elements are avai lable, namely,
an equivalent, nationally specific matrix in combi­
nation with occ upational history data.

As mentioned earlier, we are aware that it would
be desirable to validate the matrix on other data sets
that contain occupational and work envi ronment
characteristics. Thi s validation would be useful not
only because of the information gained with respect
to the potent ial difficult y of circularity (disc ussed
earlier) but also because this is a new research tool
using new approaches to work organizatio n charac-
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teristics. In this regard, we should note that the work
orga nization matrix has recently been applied in a
study of job strain among Swedish men, and a sig­
nificant association with ambulatory diastolic blood
pressure was found (36).

The work organization matrix and other attribu­
tion systems are designed to explain the maximal
proportion of variance that exists for exposure char­
acteristics at the individual level. This approac h
works well when the total varia tion in the work or­
ganization variables within the strata defined by the
occupational classification groups of the matrix is
small relative to the variation that exists between
strata. Using covariates to define the strata further
helps to minimize the variation that might exist with­
in occupational strata. If a work-exposure character­
istic is not associated with the stratification variables
that define the job-exposure matri x, the attribution
system will be of no value for that work environment
trait. For example, the work organization matrix ac­
counted for only a small proport ion of individual var­
iance in psychological job demands but for a large
proportion of individu al variance in work contro l.
This result was probably due to the fact that control
is a work charac teristic that varies across occ upa­
tions, whereas psychological demands vary across
indiv iduals and work sites within occupat ions.

Another potential problem with the work organi­
zat ion matrix involves its application to retrospec­
tive exposure assignment. When the work organiza­
tion matrix scores are used to estimate indiv idual
expos ure charac teristics retrospectively, misclassifi­
cation error may occur because the job has changed
at some point in the past. Although the magnitude
of the exposure estimates may change, it is less likely
that the relative position of one occupation to another
will change. Therefore the work organization matrix
may still provide valid ordinal-level estimates of past
expo sure.

Although every job-exposure matrix has its defi­
ciencies , in some instances, attr ibution systems are
superior to individually reported exposure status
when an individual' s self-report represents a biased
assess ment of the work environm ent. Attributed
scores are particularly valuable when the dai ly vari­
ation in indiv idual self-reported exposure status is
large due to changes in individual perception or ac­
tual changes in work practices. In this instance at­
tribution systems can provide a more reliable and
more valid estimate of average exposure status than
individual self- reports taken at one point in time.

The exposure estimates of attribution systems like
the work organizat ion matrix could be improve d in
several ways. The inherent properties (the reliabili­
ty and construct validity) of survey- based measure­
ments predetermin e the validity of matrix-derived
estimates. An improved job -exposure matrix could
be constructe d based on more rigorous and lengthy
questionnaires that focus specifically on objective
aspects of work content. Further stratification vari-



abies could also be added to the matrix to measure
aspects which are not captured by the job title and
which are strongly associated with exposure of a spe­
cific occupat ion. For example, job control may be
strongly assoc iated with position in the organiza­
tional hierarchy, size of the work organization, type
of ownership, and degree of work part icipation. To
the extent that these factors are important , future sur­
veys may benefit from the collection of additional
informat ion that would provide the basis for a de­
velopment of future job-exposure matrices.
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