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Objectives   This study tested the reliability and validity of industry- and mill-level expert methods for
measuring psychosocial work conditions in British Columbia sawmills using the demand-control model.
Methods   In the industry-level method 4 sawmill job evaluators estimated psychosocial work conditions at a
generic sawmill. In the mill-level method panels of experienced sawmill workers estimated psychosocial work
conditions at 3 sawmills. Scores for psychosocial work conditions were developed using both expert methods
and applied to job titles in a sawmill worker database containing self-reported health status and heart disease. The
interrater reliability and the concurrent and predictive validity of the expert rater methods were assessed.
Results   The interrater reliability and concurrent reliability were higher for the mill-level method than for the
industry-level method. For all the psychosocial variables the reliability for the mill-level method was greater than
0.90. The predictive validity results were inconclusive.
Conclusions   The greater reliability and concurrent validity of the mill-level method indicates that panels of
experienced workers should be considered as potential experts in future studies measuring psychosocial work
conditions.
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Most studies of job strain rely on direct self-reports of
psychosocial work conditions (1—5) or self-reports
pooled within occupations (6—9). However, associa-
tions between self-reports of work conditions and self-
reported health status may be biased due to common
methods variance, whereby people who report health
symptoms have a higher probability of reporting expo-
sures than people who do not (10). In spite of repeated
calls for the development of expert methods for the as-
sessment of psychosocial work conditions to remedy this
problem (11—13), very few investigations have used
expert raters (14—18).

The purpose of this study was to test the reliability
and validity of 2 expert methods for measuring psycho-
social work conditions in British Columbia sawmills
using the demand-control model (19). In the 1st meth-
od, 4 sawmill job evaluators estimated psychosocial
work conditions at a generic sawmill (industry-level ex-
pert method). In the 2nd method (mill-level expert meth-
od), panels of experienced sawmill workers were ran-
domly selected at 3 sawmills representing the typical

technological range in the industry and asked to esti-
mate the psychosocial work conditions in each mill.

Job-title specific scores for psychosocial work con-
ditions were developed using both expert methods.
These scores were then applied to the job titles used in
an already gathered sawmill worker data set containing
self-reported health status and heart disease outcomes.
The reliability and validity of both expert methods were
determined.

Subjects and methods

Over the past decade we have gathered a cohort of ap-
proximately 28 000 British Columbia sawmill workers
who worked in 1 of 14 sawmills between 1950 and 1998
(20). As part of a study on technological change a sub-
cohort of 9806 workers was identified. These workers
were working in the industry in 1979. Three thousand
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workers randomly selected from this subcohort were ap-
proached for an interview between October 1997 and
March 1999 (21).

A shortened version of the demand-control instru-
ment was used to obtain self-report scores for control,
psychological and physical demand, co-worker social
support, and noise for the workers’ jobs at the time of
the interview (21). Self-reports of current health status
(on a 5-point scale from excellent to bad) were obtained,
as were self-reports of heart disease (yes or no, during
the preceding 6 months). Basic demographic and life-
style information was also obtained, as was each work-
er’s job title at the time of the interview.

In the data set, 66 unique sawmill job titles were
identified among the respondents. In order to obtain sta-
ble estimations by pooling self-reports within the job ti-
tles, we decided that a minimum of 5 self-report scores
were necessary per job title. Thirty-one of the 66 job
titles were held by ≤4 respondents and so were not used
to calculate pooled self-report scores, the result being
35 job titles for which pooled scores could be calculat-
ed. Because 7 of these 35 job titles with pooled scores
were not estimated with the expert rating method, a fi-
nal list of 28 job titles was developed for which self-
report, pooled self-report, and mill- and industry-level
expert scores were available. All the analyses were
based on these 28 sawmill job titles.

Of the 3000 workers sampled, 2156 complete re-
sponses were obtained for a response rate of 71.9%. Of
these 2156 respondents, 270 had filled out a shortened
version of the questionnaire with no psychosocial job
strain data, leaving 1886 questionnaires with complete
data. Seven hundred and eleven of these workers were
employed at a study mill at the time of the interview.
Of these, 61 workers had experienced unemployment
during the year preceding the interview and were ex-
cluded from the analysis. The elimination of the re-
spondents for which pooled self-reports were not avail-
able (ie, respondents with uncommon job titles) result-
ed in a final sample of 408 workers.

Obtaining experienced worker estimates of
psychosocial work conditions (mill-level expert
method)
Three of the 14 sawmills in the cohort study, represent-
ing the current range of sawmilling technology, were
selected. A list of 54 basic job titles in the sawmill in-
dustry was developed using panels of experienced saw-
mill workers. Using seniority lists, 15 workers with
more than 20 year’s experience were randomly select-
ed at all 3 sawmills. A single interviewer conducted
face-to-face interviews with these workers during 1997
using the modified demand-control instrument.

The 10 best interviews were selected from each of
the 3 study mills. The selection criterion was based on

the number of job titles estimated. Any rater who was
unable to provide an estimate for ≥10% of the job titles
was excluded. In 2 of the 3 sawmills, 10 raters were able
to estimate ≥90% of the job titles. In the 3rd mill, 12
raters estimated ≥90% of the job titles. Thus, 2 raters
were randomly selected and eliminated from the panel
in order to obtain a pool of 10 raters at each sawmill.
Estimates for the 30 sawmill workers were pooled for
each job title.

Obtaining estimates from job evaluators (industry-level
expert method)
A union-management system of job evaluation has been
in place in the British Columbia sawmill industry since
the late 1960s. This job-evaluation system relies on an
instrument developed within the industry to measure
psychological and physical demand, control over skill
use, control over decision making, and physical and oth-
er hazards. The expert evaluators were therefore famil-
iar with the dimensions used in the demand-control
model and with applying them to assessments of saw-
mill job titles.

Since the 1960s, a altogether 6 job evaluators have
been employed in the sawmill job-evaluation program.
These 6 job evaluators, with over 20 years’ experience
in sawmill job evaluation in British Columbia, were po-
tential interviewees. Three were currently employed by
industry, 1 was currently employed by the union, and 2
were recently retired from the union. All 3 industry
raters agreed to participate, as did the currently em-
ployed union expert. One of the retired union experts
was too ill to participate, and the other refused without
giving a reason.

Using face-to-face interviews, these 4 expert raters
were asked to rate a generic sawmill for current (1997)
psychosocial work conditions using the modified de-
mand-control instrument. A total of 54 job titles was
estimated.

Reliability analyses
Two measures were used to assess reliability, the intra-
class correlation coefficient (ICC) between individual
raters and the ICC for all raters (22, 23). The ICC for
individual raters (individual ICC) measures how an in-
dividual rater’s estimate of exposure compares with that
of the other raters. However, the purpose of this study
was not to assess individual raters, but rather to deter-
mine whether or not the group’s mean estimate of ex-
posure was reliable. That is, had we selected different
groups of raters, would the group means of their esti-
mates have been reliable? The measure that best esti-
mates this form of reliability is the ICC for all raters
(group ICC) (23, p 273).

For the mill-level method, individual and group ICC
values were calculated for the entire group of
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30 workers across the 3 mills. For the industry-level
method, individual and group ICC values were calcu-
lated for the 4 job evaluators. As well, the proportion
of variance distributed between raters, job titles, and the
residual was calculated.

Validity analyses
Pooled self-reports and mill- and industry-level expert
scores were imputed for each individual on the basis of
the job title so that each of the 408 persons in the study
had self-report, pooled self-report, mill-level, and indus-
try-level scores for each of the 5 psychosocial work con-
ditions. As a measure of concurrent validity, the agree-
ment between the 4 methods was assessed by calculat-
ing pair-wise Pearson correlation coefficients.

As a measure of predictive validity, a logistic regres-
sion was conducted using the 4 different methods with
self-report health status and heart disease as the outcome
variables. These health outcomes were chosen since
other studies have shown that psychosocial work con-
ditions are associated with them. Self-reported heart

disease has been associated with control, psychological
demand, co-worker social support, physical demand,
and noise in several studies (4, 17, 24—25). Self-report-
ed health status has been linked with control (26).

Logistic regression was used to model self-reported
health status (dichotomized to 0 = excellent or good; 1
= fair, poor, or bad) and self-reported heart disease (di-
chotomized as 0 = absent and 1 = present) as the out-
come variables. The sociodemographic variables age,
education, housing status, income, and country of birth
were modeled with each outcome. Controlling for soci-
odemographic variables, multivariate models were con-
ducted with respect to control, psychological demand,
physical demand, noise, and co-worker social support
for each of the 4 assessments.

Results

Reliability
Table 1 shows the reliability of the 4 job evaluators for
the industry-level expert method. The group ICC val-
ues were highest for control (0.83) and social support
(0.84) and lowest for psychological demand.

Table 2 shows that, when the estimates for 30 expe-
rienced workers in 3 sawmills were pooled, the group
ICC values for all 5 variables were greater than those
obtained with the industry-level method. In particular,
the group ICC scores for the demand variables (physi-
cal and psychological demand) were increased by ap-
proximately 20% with the mill-level method.

Concurrent validity
As a measure of concurrent validity, the agreement be-
tween the 4 methods was assessed by calculating pair-
wise Pearson correlation coefficients (table 3). For all 5
psychosocial work condition variables, the level of
agreement between the direct self-reports decreased,
moving from pooled to mill-level, and to industry-level
estimation methods. Similarly, the level of agreement
between the pooled self-reports decreased, moving from
mill-level to the industry-level expert method. The great-
est agreement between methods was observed for the
pooled self-reports and the mill-level method for all the
variables except psychological demand. The greatest
agreement between the methods was obtained for noise.
The agreement of the methods for psychological demand
was strikingly lower than for the other psychosocial
work condition variables.

Predictive validity
Table 4 presents the odds ratios and confidence inter-
vals for reported heart disease. Self-reported noise and
psychological demand were both associated with a

Table 3.  Pairwise pearson correlation coefficients for 4 methods
of estimating psychosocial conditions of work for 28  sawmill job
titles.a (Ps = psychological demand, Ph = physical demand, So-
cial = co-worker social support, vs = versus)

Control Ps Ph Social Noise

Industry vs mill level 0.60 0.73 0.56 0.79 0.78
Industry vs pooled 0.57 0.44 0.47 0.59 0.71
Mill-level vs pooled 0.89 0.55 0.84 0.83 0.86
Industry vs self-reports 0.32 0.13 0.23 0.32 0.36
Mill level vs self-reports 0.53 0.14 0.41 0.45 0.42
Pooled vs self-reports 0.58 0.25 0.48 0.54 0.50

a  For all variables P≤0.01.

Table 1.  Interrater reliability across 28 job titles for 4 industry-
level experts. (Ps = psychological demand, Ph = physical demand,
Social = co-worker social support, ICC = intraclass correlation
coefficient)

Source of variance Control Ps Ph Social Noise

Between job titles (%) 65.9 46.8 53.6 67.3 58.9
Between raters (%)   0.9   8.4   1.4   0.2   4.3
Residual (%) 33.2 44.8 45.0 32.5 36.8
Individual ICC 0.55 0.32 0.39 0.57 0.47
Group ICC 0.83 0.68 0.72 0.84 0.79

Table 2.  Interrater reliability for 28 job titles with 30 mill-level
experts across 3 sawmills. (Ps = psychological demand, Ph =
physical demand, Social = co-worker social support, ICC =
intraclass correlation coefficient)

Source of variance Control Ps Ph Social Noise

Between job titles 20.1 15.4 26.5 33.9 28.2
Between raters 48.8 43.6 23.7 16.7 17.6
Residual 31.1 41.0 49.8 49.4 54.2
Individual ICC 0.42 0.33 0.50 0.60 0.53
Group ICC 0.95 0.91 0.94 0.95 0.93
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Table 5.  Logistic regression between 4 methods of assessing psychosocial work conditions for self-reported health status.a

Health outcome Direct self-report Pooled self-report Mill level Industry level

OR             95% Cl OR             95% Cl OR             95% Cl OR             95% Cl

Poor self-rated health Control Control Control Control
0.91       0.85—0.96b 0.91       0.81—1.00b 0.89        0.76—1.02 0.98        0.92—1.05

a Outcomes were coded so that 1 = presence of condition or service and 0 = absence.
b Confidence intervals do not cross 1.00.

higher incidence of heart disease. Increased self-report-
ed physical demand was also associated with a higher
incidence of heart disease (P=0.06). The 3 other meth-
ods for measuring both noise and psychological demand
showed weak associations with heart disease.

With the logistic regression with self-reported health
status, control was the only psychosocial work condi-
tion variable which showed any association (table 5).
Self-reports for control were associated with poor self-
rated health in the expected direction (ie, self-rated
health improved with increasing control). Pooled self-
reports for control showed a weaker association between
self-reported control and health status in the expected
direction. Finally, the mill-level method for measuring
control indicated a similar effect size for control and
self-rated health status (P=0.07).

Discussion

When the industry and mill-level methods were com-
pared (by pooling 30 workers’ scores in the latter meth-
od), reliability scores, as measured by the group ICC
were higher for the mill-level method. The reliabilities
with the mill-level method were greater than 0.90 for
all the psychosocial work conditions, which, according
to Nunnally (27), is the minimum standard for reliabili-
ty. The industry-level method was not able to attain this
basic level of reliability.

The concurrent validity results showed correlations
of 0.32 between self-reported control and control

estimated with the industry-level expert method. In the
Whitehall Study of British civil servants, for men and
women, correlations between self-reports for control and
estimations of control conducted by personnel manag-
ers ranged from 0.25 and 0.35 (17). These correlations
were similar to those obtained in this investigation us-
ing the industry-level expert method.

The correlations between the self-reports of control
and the mill-level expert estimation were higher (0.53)
than the correlations between the self-reports and the
industry-level method, and the correlations found be-
tween the self-reports and the expert method used in the
Whitehall investigation. The greater reliability and con-
current validity of the mill-level method indicates that
panels of experienced workers should be considered as
potential experts in future studies measuring psychoso-
cial work conditions

The predictive validity results were difficult to in-
terpret. They showed that the self-reports of psycholog-
ical demand and noise were associated with reported
heart disease in the expected direction. In addition, the
self-reports of control were associated with reported
health status, all in the expected direction. However,
both expert rating methods showed weaker associations
with health outcomes than the direct and pooled self-
report methods did.

There are other reasons for expecting a weaker as-
sociation between an expert assessment of psychosocial
work conditions and health status. For example, the ex-
pert assessment of psychosocial work conditions in-
volves cognitive and emotional processing (on the part

Table 4.  Logistic regression between 4 methods of assessing psychosocial work conditions for self-reported heart disease.a (OR = odds
ratio, 95% Cl = 95% conficence interval)

Variable Direct self-report Pooled self-report        Mill level    Industry level

OR             95% Cl OR            95% Cl OR            95% Cl OR            95% Cl

Noise 1.92*     2.55—1.28b 1.40     0.31—2.49 1.41      0.21—3.00 1.65    0.87—2.43
Control 1.04       0.94—1.14 0.92     0.75—1.08 0.94      0.71—1.16 1.00    0.88—1.12
Physical demand 1.59       0.98—2.09 1.10     0.16—2.03 1.28      0.41—2.14 1.24    0.43—2.05
Psychological demand 1.16**   1.00—1.31b 1.73     0.98—2.18 1.38      0.93—1.75 1.23    0.89—1.57
Co-worker social support 1.25       0.78—1.71 0.67     0.17—1.52 0.86      0.39—1.334 0.98    0.66—1.30

a Outcomes were coded so that 1 = presence of condition or service and 0 = absence.
b Confidence intervals do not cross 1.00.
*P=0.01, **P=0.05
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of the experts), which will tend to attenuate associations
between assessed work conditions and health outcomes
(18). As well, associations for the industry-level meth-
od should be weaker than for the mill-level method be-
cause estimations were conducted at arm’s length and
were based on a generic sawmill rather than on actual
sawmills. The weaker associations using the expert
method in comparison with the self-report method in this
study are to be expected due to this bias.

There were several other limitations to this study.
Because self-reported heart disease was relatively rare
in this sample, the statistical power of the regression
analyses may not be sufficient to detect associations
when they could be present. In addition, there may be
issues of measurement reliability for the 2 outcome
measures used in the regression analyses.

In spite of these limitations, this study demonstrat-
ed that the mill-level method was reliable. The reliabil-
ity scores (across all the psychosocial work condition
variables) for the mill-level method were approximate-
ly 20% greater than for the industry-level method. Im-
provement in reliability with the mill-level method was
particularly noteworthy in the case of psychological and
physical demand.

In addition, the mill-level method showed greater
concurrent validity than the industry-level method. The
much higher correlation in this study, between self-re-
ported control and the mill-level method of measuring
control (0.53), compared with the correlations between
the self-reported and expert-assessed control in the
Whitehall Study (0.32), also point to the utility of using
panels of experienced workers to estimate psychosocial
work conditions.
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