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Objectives The main purpose of this study was to demonstrate the relevance of testing indices concerning the
psychosocial work environment by item bias or differential item functioning (DIF) analysis. Especially when the
work environment for different groups is compared, this kind of construct validation is important. As exogenous
variables gender, age, and occupational group were selected.

Methods Data were taken from a cross-sectional study of Danish employees aged 19—59 years (N=5940). The
study was carried out in 1990 and followed-up in 1995.

Results Item bias was demonstrated in all indices when analyzed in relation to gender, age, and occupational
groups of the total population. Item bias was much weaker or disappeared as the population was divided into main
occupational groups and analyzed in relation to the same exogenous variables.

Conclusions For a heterogeneous group of employees, gender, age, and occupational status are significant
determinants of the response pattern in relation to indices of the psychosocial work environment. It was concluded
that, if the psychosocial work environment for different groups is to be compared, indices should always be tested
for item bias in relation to the exogenous variables included in the final analyses. Indices should only be used if
there is no item bias. If such indices cannot be constructed, it is suggested that researchers either concentrate on

constructing indices that are valid in subgroups or report results based on single-item analyses.

Key terms construct validity, differential item functioning, index, scale.

Within recent decades the number of studies of psycho-
logical and social factors has increased considerably.
Changes in the labor market in many industrialized coun-
tries, especially the introduction of new technologies,
have caused fundamental changes in the work environ-
ment. The focus in many studies of the work environ-
ment has, to a certain extent, shifted from traditional
physical and chemical factors to psychological and so-
cial factors at work and the health effects related to ex-
posure to these factors. Within research on psychologi-
cal and social factors at work, several theories and mod-
els have been developed (1—>5). The job-strain theory
first published by Karasek (3) and later revised by Kara-
sek & Theorell (4) has had great impact on research in
the past 20 years. Depending on whether the intensity of
the exposure factors is high or low, the theory points out
how the relations between demands, control, and social
support at work and some health outcomes like stress and
cardiovascular disease change. High demands and low
control at work is, for example, a risk combination for
stress or heart disease. The psychosocial variables used
in the current study originally come from a joint Nordic

questionnaire on work conditions and health developed
through Nordic cooperation in 1984—1988 (6). The con-
cepts of the job-strain model evidently inspired the de-
velopment of the psychosocial questions included in the
questionnaire.

Data concerning psychological and social factors at
work are often collected by survey methods (7, 8). It is
common practice to construct indices by summating an-
swers to questions measuring a certain concept from sur-
vey data. The purpose of summating answers into indi-
ces is to make the analysis simpler than with single items
by introducing a construct that expresses the content of
the latent parameter or concept. The assumption of a la-
tent parameter underlying several items is essential when
indices are constructed (9). Another important require-
ment is that an index not lose any information when com-
pared with the information of single-item response pat-
terns.

In psychometrics exploratory factor analysis, item
response modeling, and confirmatory factor analysis have
been the most used techniques for index construction, A
single summary index requires that items be shown
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unidimensionally in the sense that they only depend on
1 single latent variable. One important problem with both
factor analyses and general item response models is how-
ever that unidimensionality is not sufficient to ensure that
information from the items constituting the factor is still
maintained in any simple weighted or unweighted sum-
mary score. If information is lost or biased the construct
validity of the index measuring the factor is poor.

Criteria-related construct validity, as it is commonly
understood (10, 11), implies various things. First, it im-
plies that items are correlated because they all depend
on one and the same latent variable representing the the-
oretical construct. Second, it implies that items only cor-
relate with other variables because the latent variable
correlates with these variables. For a set of items to be
construct valid it is required that the items be both local-
ly independent in the sense that (i) items are condition-
ally independent given the latent variable and (ii) that
items and exogenous variables be conditionally inde-
pendent given the latent variable.

In many clinical and statistical situations it is neces-
sary to use the summary score as a proxy for the latent
variable as statistical programs for the analysis of data
by latent structure models are either not available or prac-
tical. In such cases the aforementioned requirements can
be strengthened by the stronger requirement that items
must also be conditionally independent of all other vari-
ables given the summary score. This requirement will
hereafter be referred to as a requirement defining a con-
struct-valid index scale.

litem hias or differential item functioning

An analysis of item bias or differential item functioning
(DIF) relative to a summary index is one way to analyze
the construct validity of the index further. The concepts
and techniques underlying the analysis originate in psy-
chometrics where the analysis is performed to reveal
whether information from an index consisting of several
items is inadequate and maybe distorted in the sense that
important information may be lost if responses from sep-
arate items are not taken into account.

Item bias (as called hereafter) can be formally defined
as follows: an item in an index is biased if all respond-
ents at a given level of the attribute measured (at a given
index score) do not have equal probability of scoring
positively on the item regardless of subgroup member-
ship like gender, age group, or occupational group (12).
Differiential Item Functioning, edited by Holland &
Wainer (13), can be referred to for a comprehensive
discussion of concepts and techniques underlying analy-
ses of item bias.
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To some extent item bias analysis has also been
adopted in medical research (9, 14). The aim of our study
was to show the relevance of analyzing psychosocial in-
dices for item bias. Especially when being used to com-
pare the work environment of different occupational
groups by means of index scales, item bias analysis is
relevant. Groups of employees who, in relation to the
index, seem to be quantitatively equal because they are
in the same score group may be qualitatively different
because they have given different answers to the items
that constitute the index. False interpretations of or con-
clusions that the psychosocial work environment of the
groups compared might incidentally be the consequence.

Subjects and methods

A cross-sectional study of the work environment was
performed among Danish employees in 1990. The study
included 5940 employees (3097 men, 2843 women) aged
19 to 59 years. Data were collected by telephone inter-
view, and the response rate was 89.7%. The question-
naire used in the survey was, to a large extent, based on
a questionnaire developed in a Nordic project 1984—
1988 (6). The Nordic Questionnaire on Working Condi-
tions and Health included 104 questions concerning the
following issues: (i) physical or chemical exposure, (ii)
ergonomic exposure, (iii) psychological and social fac-
tors, (iv) work accidents, (v) stress and psychosomatic
symptoms, and (vi) somatic health symptoms. The ques-
tionnaire included 39 items about psychological and so-
cial factors primarily based on a Swedish model (2). The
items were related to several dimensions of the psycho-
social work environment (eg, qualitative and quantitative
demands at work, autonomy and possibilities of devel-
opment, and social support). For each issue, indices were
constructed by summing the answers of the items into
an index.

In 1995, a follow-up study of the population was car-
ried out. The same questions were used, and identical
indices were constructed, except for the stress index, in
which some slight changes had occurred. This study was
based on analyses carried out on the data from 1990 as
the 1995 data were not available when the analyses were
first performed.

The following indices were constructed for the anal-
ysis: (i) demand factor (3 items), (ii) autonomy factor (4
items), (iii) development factor (4 items), (iv) social sup-
port from colleagues (4 items), (v) social support from
superiors (2 items), (vi) stress factor (7 items), and (vii)
psychosomatic factor (5 items).

A list of the questions and response categories is in-
cluded in the appendix.




Analysis of item bias

The basic test of item bias is a test of conditional inde-
pendence. If items and exogenous variables are categor-
ical variables, these tests can be performed as the chi-
square test in 3-way tables. If items and exogenous vari-
ables are ordinal or binary the power of the tests can be
increased by test statistics addressing monotone relation-
ships among the variables. In this paper the partial gam-
ma-coefficient, a partial correlation coefficient for ordi-
nal categorical variables as discussed by Agresti (15), is
used. The P-values reported for both the chi-square test
statistics and the gamma coefficients are Monte Carlo es-
timates of exact conditional P-values as described by
Kreiner (16).

A large number of tests for conditional independence
is required by item bias analysis, in most cases, generate
multiple testing problems in the sense that significant
results can appear with a nonimmaterial probability for
purely random reasons if the overall level of significance
is high. Standard Bonferroni techniques adjusting the
obtained levels of significance can however not be used
as test results since different hypotheses of no item bias
are highly correlated. Instead of attempting a formal ad-
justment of P-values, we distinguished between indisput-
able evidence of item bias where P-values were less than
0.0005 and dubious evidence where P-values may have
been significant according to the standard 5% level of
significance. In the absence of formal rules for adjusting
P-values, an unarguable conclusion in favor of item bias
would require at least some indisputable significant P-
values.

All the indices were tested for item bias in relation
to the exogenous variables gender, age, and occupation-
al group. These variables were assessed to be the most
relevant exogenous variables for the analyses of the psy-
chosocial work environment: gender because men and
women have, to a great extent, different occupations, age
because different age groups often have a different view
of the work environment, and occupational group because
the work environment clearly varies within different oc-
cupations.
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Resulls

Initially, an analysis was made on the total data set (5940
respondents). All the indices were tested for item bias
using gender as the exogenous variable. For some of the
analyses only the “demand index” was used as our “case”
to exemplify the process of item bias analyses and to
avoid exaggerating the amount of information.

The indices were summated so that high values meant
high exposure and low values meant low exposure.

The distribution of the men and women in the score
groups of the demand index is shown in table 1. There is
significant difference in the distribution of the men and
women. Men generally felt more exposed to high de-
mands than women did.

Table 2 shows the distribution of the total population
in the score groups of the demand index and age groups.
The youngest employees felt more exposed to low de-
mands than all other age groups. Tables 1 and 2 show
that the indices differentiated the work environment well
for both the men and women and for the age groups.

In table 3 the results of the item bias analyses for all
the exposure indices are shown in relation to age and
gender. According to the demand index there was indis-
putable evidence of bias for all 3 items in relation to gen-
der. The P-values were so low that test results of this kind
would not be expected even in connection with multiple
testing procedures.

The results imply that the demand index did not work
in the same way for the men and women when they were

Table 1. Distribution of the men and women according to the
score groups of the demand index. (bold = significant P-value)

Demand index Male Female  Total
(%) (%)} number

Score groups 0—3 (very low demand) 20.1 23.2 1284

Score groups 4—5 (low demand) 21.3 25.0 1369
Score groups 6—7 (average demand) 16.2 16.1 960
Score groups 8—10 (high demand) 28.8 24.4 1585
Score groups 11—15 (very high demand) 13.6 11.3 742
Total number 3097 2843 5940

P=0.0000 Gamma=-0.09794

Table 2. Distribution of the respondents according to the demand index in the score and age groups. (bold = significant P-value)

Demand index <19 years 20—29 years  30—39 years  40—49 years 50—59 years  Total number
(%) (%) (%) (%) (%)
Score groups 1—3 (very low demand) 335 25.2 16.1 20.5 24.0 1284
Score groups 4—5 (low demand) 28.7 22.8 22.7 215 25.1 1369
Score groups 6—7 (average demand) 14.3 16.0 16.8 15.5 16.8 960
Score groups —8—10 (high demand) 20.9 26.7 29.6 27.4 221 1585
Score groups 11—15 (very high demand) 2.6 9.3 14.8 15.1 12.0 742
Total number 230 1568 1609 1571 962 5940

P=0.0000 Gamma=0.04309
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Tahle 3. Item bias in relation to gender and age in the indices for
the total population (N=1990) for the items in the demand index,
the autonomy index, the development index, the social support
from colleagues index, and the social support from superiors in-
dex. (X2= chi-square, df = degrees of freedom, bold = significant
P-value)

Index x? df Exact Gamma Exact Total
P P number

Demand

Work load

Gender 233.6 50 0.000 0.26  0.600 5927
Age 38.5 48 0.834 0.04 0230
Congcentration demand
Gender 200.2 47 0.006 030 0.000 5927
Age 48.2 45 0332 -006 0.280
Risk demand
Gender 437.6 50 0.000 -045 0.000 5927
Age 51.2 48 0.348  -0.01 0.432
Autonomy
Work tempo
Gender 91.6 45 0.002 -020 0.000 5922
Age 71.8 45 0.023 -0.31 0.000
Organizing own work
Gender 37.9 33 0.257 0.09 0.000 5922
Age 96.1 33 0.000 0.49 0.000
Decide the solution of work tasks
Gender 41.1 32 0.120 0.07 0.010 5922
Age 34.2 32 0.400 -0.06 0.233
Obtain information about decisions
Gender 59.6 33 0.013 009 0.000 5922
Age 35.1 33 0.363  -0.11 0.065
Development at work
Too difficult tasks
Gender 57.8 52 0.243 0.10 0.000 5911
Age 134.0 52 0.00¢ -0.33 0.000
Repeating the same tasks
Gender 59.1 55 0.340 -0.10 0.000 5911
Age 130.3 55 06.000 0.25 0.000
Possibility to learn new tasks
Gender 32.5 39 0.752 0.01 0.352 5911
Age 38.1 39 0.430 -0.27 0.000
Variation in work tasks
Gender 38.1 39 0507  0.01 0.357 5911
Age 89.9 39 0.005 0.40 o0.000
Social support from colleagues
Isolated work
Gender 741 28 0.000 0.15 0.000 5630
Age 38.8 24 0.068 -0.35 0.000
Possibility for help and advice
Gender 30.4 33 0.647 0.04 0145 5630
Age 37.5 27 0.127 -0.06 0325 0.325
Support from colleagues
Gender 75.7 32 0.002 0.14 0.002 5630
Age 27.3 27 0.398 0.00 0515 0.515
Possibility to talk during workhours
Gender 126.1 41 0.000 -0.24 0.000 5630
Age 461 34 0.138 0.26 0.006 0.000
Social support from superiors
Support from superiors
Gender 8.9 9 0.452 -0.07 0.030 5927
Age 17.0 9 0.058 0.17  0.032
Positive feed back
Gender 8.9 9 0450 -007 0.035 5927
Age 17.0 9 0.068 017 0.032
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at the same score group level. Comparisons of work de-
mands for the men and women would therefore be inad-
equate if the comparison were based only on the sum-
mary index score. The men and women at the same score
group level seemed to experience different demands in
their work. Therefore it would not be correct to conclude
that there were no gender differences even if the men and
women did not differ with respect to the distributions of
the index. An analysis of the demand index in relation to
occupational groups led to identical results (table not
shown).

In the presence of a monotone relationship between
an item and an exogenous variable, the values of the gam-
ma coefficients tell how the groups, defined by the
levels of the exogenous variables, differ. Positive gam-
ma values for the first 2 items and a negative gamma val-
ue for the 3rd item of the demand scale indicated that
the men and women with the same overall index score
were qualitatively different. The women had higher
scores on the work load and concentration items, and the
men had higher scores on the risk demand item.

Table 4. Item bias in relation to gender and age in the items of
the stress index and the index for psychosomatic symptoms (to-
tal population 1990). (X?= chi-square, df = degrees of freedom,
bold = significant P-value)

Index X2 df Exact Gamma Exact Total
P P number

Stress

Irritable

Gender 8.7 8 0.188  0.05 0.170 5915
Age 8.7 8 0.165 032 0.013
Concentration difficulty

Gender 16.9 6 0.010 0.20 0.002 5915
Age 8.5 6 0.192 0.11 0.265
Forgetful

Gender 156.3 6 0.000 0.45 0.000 5915
Age 5.5 6 0458 -0.14  0.142
Depressed

Gender 8.0 6 0.225 -012 0.052 5915
Age 12.5 6 0.058 -0.00 0517
Abnormal tired
Gender 13.2 6 0.043 -0.11  0.032 5915
Age 2.0 6 0.913 0.11 0.183
Everything overwhelming
Gender 118.3 6 6.000 -0.44 0.000 5915
Age 5.6 6 0.442 -0.03 0.428
Nervous and unbalanced
Gender 27.6 6 0.000 0.23 0.000 5915
Age 8.3 6 0195 -0.36 0.023
Psychosomatic symptoms
Headache
Gender 28.2 2 0.000 -030 0.000 5915
Age 0.5 2 0.715 0.11 0.295
Stinging, weighting pain in the chest
Gender 21.2 2 0.000 0.29 0.000 5915
Age 0.9 2 0.590 0.04  0.398
Bowel movement problems
Gender 4.6 2 0.097 0.14 0.033 5915
Age 2.9 2 0.230 -0.39  0.055




In relation to age, there was no significant bias on
the same items. Therefore employees within the same
score group had an equal probability of scoring positive-
ly regardless of their age.

With respect to the index of autonomy, all 3 items
were significantly biased in relation to gender, and 2
items were biased in relation to age. Similar patterns were
shown for the remaining indices and items. In relation to
gender, all the indices were biased, and most of them
were also biased in relation to age and occupational
groups. (The results for occupational groups are not
shown.) The results also illustrate the increased power
of the test based on the partial gamma coefficients com-
pared with the chi-square test. There were several cases
in which the gamma coefficients were indisputably sig-
nificant at the same time as the chi-square statistics were
insignificant.

For the outcome indices, the results were also rather
clear. Most items in both indices were biased in relation
to gender, and 2 of the stress questions were biased also
in relation to the age variable (table 4). Nevertheless both
indices seemed to work better in relation to age groups
than in relation to gender. Concerning relations between
the stress index, the psychosomatic index, and the occu-
pational group, the bias was extremely significant (table
not shown).

It was therefore concluded that the comparisons of
the psychosocial work environment for gender, age
groups, and occupational groups using these indices are
not suitable.

How to proceed?

There are different ways to proceed to overcome bias
problems when the analyses have shown that =1 items in
an index are biased. One way is to remove the most se-
verely biased item from the index in question and run
the analyses again without the item. Another way is to
report the results as single-item results instead of using
an index construction. A 3rd way is to change the popu-
lation being analyzed to avoid comparisons of subgroups
defined by variables indicating bias.

Removing an item did not seem appropriate in our
analysis as most of the items were biased in almost all
the indices. Removing 1 item would therefore not be a
rational solution.

Reporting single-item results would be a possibility
that might turn out to be a relevant procedure. The 3rd
strategy, to divide the population into more feasible ones
for the intended analysis, was chosen in this special case.

The primary purpose of the study was to construct
valid indices to compare the work environment among
different occupational groups. In accordance with this
intention, the most obvious strategy was to divide the
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total population into main occupational groups consist-
ing of several occupational groups and then carry out an
item-bias analysis again to evaluate whether or not the
groups could be compared with respect to their work en-
vironment using the proposed index constructions.

The population was divided into occupational groups
with not less than 20 respondents in each group. All oc-
cupational groups with less than 20 respondents were
excluded from further analysis as groups of less than 20
employees were considered too small for statistical anal-
ysis. Gender differences within many occupations made
gender an important variable in the planned analysis, and
therefore the population was divided according to gen-
der. Only occupational groups with either 20 men or 20
women were then included in the population. The re-
maining population comprised 51 occupational groups
consisting of 2715 employees. The occupations were fi-
nally grouped according to the main occupational groups
in the Danish national classification, a nationally adjust-
ed version of the ISCO-68 code. Consequently, 9 main
occupational groups made up the population for further
analysis.

The main groups were nurses {5 occupations), teach-
ers (4 occupations), supervisors (3 occupations), office
clerks or secretaries (7 occupations), shopkeepers or
salesmen (3 occupations), cleaners or others (7 occupa-
tions), mixed group of jobs (4 occupations), skilled
metalworkers (4 occupations), and unskilled workers
(7 occupations).

Item bias was analyzed separately for each group and
for all the indices with gender, age, and occupational
group as exogenous variables.

Table 5 shows the results of the analyses but only for
the main occupational group of teachers and the demand
index. Bias was still found in all 3 items in relation to
gender. Bias was the most significant in relation to the
risk item as male teachers more often than female teach-
ers found that there was a risk of making job errors that
resulted in serious consequences. The data showed that
especially teachers in technical schools are exposed to
this risk, and, as almost all these teachers are men, then
the result agrees with the finding of bias for men in
general, In relation to all other main occupational groups bias
was very limited.

The index of autonomy was only biased a little. Only
the work-pace item was a little biased in relation to the
occupational group variable. In relation to gender and age
there was no bias. The rest of the indices showed very
little bias and only to a degree that can be ascribed to
statistical chance.

It can be concluded that occupations within each of
the main occupational groups can be compared using the
indices without restrictions until proved otherwise. To
determine whether it was possible to make comparisons
among all 9 main occupational groups, we decided to test
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Table 5. item bias in the items of the demand index for gender,
age, and occupational group for the main job group of teachers.2
(X2= chi-square, df = degrees of freedom, bold = significant P-
value)

Demand index X? df Exact P Gamma Exact P
Work load

Gender 336 16 0.000 -0.12 0.155
Age 0.0 0 1.000 0.00 1.000
Job group 81.1 64 0.127

Concentration demand

Gender 19.0 15 0.183 0.37  0.002
Age 0.0 0 1.000 0.00 1.000
Job group 704 60 0.188

Risk demands

Gender 28.0 15 0.015 -0.47  0.000
Age 0.0 0 1.000 0.00 1.000
Job group 86.1 60 0.055

a 1=university teachers, 2=teachers in primary school, 3=teachers in
vocational training, 4=teachers in leisure-time education.

Table 6. item bias in the items constituting the demand index in
relation to gender, age, and occupational group for nine main
occupational groups.2 (X2 = chi-square, df = degrees of freedom,
hold = significant P-value)

Demand index X2 df  ExactP  Gamma ExactP
Work load

Gender 71.0 16 0.000 0.26  0.000
Age 64.3 64 0.382 0.13  0.000
Job group 98.0 64 0.025

Concentration demand

Gender 56.3 14 0.002 019  0.000
Age 57.8 56 0.360 0.06 0.040
Job group 185.9 64 0.000

Risk demand

Gender 160.5 16 0.000 -0.43  0.000
Age 83.6 64 0.080 -0.12  0.000

Job group 257.2 64 0.002

21 = health care workers and educators, 2 = teachers, 3 = supervisors,
4 = office workers, 5 = shop staff, 6 = cleaners, 7 = mixed group,
8 = metal workers, 9 = unskilled workers.

whether the indices were biased when the 9 main groups
were regrouped into 1 single group and used as the ex-
ogenous variable.

Results are only shown for the demand index. There
was significant bias for all the items included in the de-
mand index in relation to all 9 main occupational groups
(table 6). The conclusion concerning the possibilities to
compare the work environment for different groups made
earlier is therefore still relevant, namely, a comparison
of the work environment among the 9 main occupation-
al groups based on the summated indices as such is not
recommended.

Discussion

Item bias is a relatively new way of analyzing indices
used within the fields of medical science, psychology,
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and sociology (9, 13, 14, 17). Originally the statistical
technique was used in psychometrics to determine wheth-
er standardized test items behaved identically in differ-
ent subgroups (eg, ethnicity or gender) drawn from the
same population (12).

An important argument for testing indices for item
bias is to check the construct validity of the index by test-
ing whether information from the single items is lost
when an index is set up. Well-known methods for index
construction, like factor analysis, give no clear indica-
tion of the information loss that could be the consequence
when more items are summated into a single construct.
Even if unidimensionality is assumed and tested for the
items summated into an index, the construction of the
indices is performed without any consideration of the ex-
ogenous variables in relation to which they are going to
be analyzed.

In our analysis, different populations were analyzed
in relation to different exogenous variables, and varying
results emerged. When the total population, which is a
representative sample of all Danish employees, was ana-
lyzed, item bias was rather consistent for all the indices.
When the population was reduced to the main occupa-
tional groups, item bias almost disappeared. When the
main occupational groups were analyzed together, item
bias was very consistent again.

The reasons for item bias may be both methodologi-
cal and substantial. The most frequently occurring meth-
odological problems resulting in item bias are instrument
errors due to vaguely and unclearly defined questions or
response categories. The mode of data collection has,
however, also been known to create problems, especial-
ly when different modes of data collection have been
used for different parts of the sample (18).

In most cases substantial problems leading to item
bias have to do with the fact that different items appear
to relate in different ways to certain exogenous variables,
a problem that cannot appear for a construct valid set of
items. One example of this type of problem has been dis-
cussed by Kreiner (19). A set of symptoms included in
an index measuring health appeared more frequently with
age while another set of items appeared less frequently
among elderly people than among the young.

There are several possible substantial explanations for
the bias in the total population in the study discussed in
this paper. One is the fact that the total population was
heterogeneous with respect to 21 exogenous variables of
importance to some but not necessarily all items. It is
reasonable to believe that employing the same indices in
occupational groups exposed to very different work en-
vironment conditions is rather indecisive. It is obvi-
ous that, for example, a blue-collar factory worker and
an academic working at a university are exposed to very
different psychosocial work environments and that the
indices consequently may work differently for such




groups. It is also probable that persons employed in dif-
ferent occupations perceive the questions differently and
that the content of a certain question means something
different, depending not only on gender and age but also
on socioeconomic background. An assembly-line work-
er may perceive a question concerning, for example, var-
iation in work quite differently from a university teach-
er. This possibility leads to the aforementioned question
of whether some of the bias in the items was due to un-
clearly defined questions. This might of course be the
case, but it also leads to the question of whether it is pos-
sible to construct questions that can be perceived in the
same way by people with various socioeconomic back-
grounds employed in quite different occupations.

Another reason for the bias disclosed in the total pop-
ulation may be due to the power of the statistical tests. If
bias is present, then statistical significance is more easi-
ly obtained with large populations than with small ones.
No significant bias in relation to the exogenous varia-
bles gender, age, and occupational group was found in
any of the main occupational groups possibly because it
was not as easily demonstrated for small populations as
for large ones. However, the analysis was carried out for
9 main occupational groups without any significant re-
sults. This finding supports the plausibility of the results.

Another point concerns the fact that, by dividing the
population into main occupational groups, each group has
become more homogeneous in such a way that it could
be expected that people working within the same main
occupational group are exposed to similar psychosocial
factors. Therefore the indices would be expected to work
equally within the group. If one looks at the composi-
tion of the single main occupational group, this does,
however, not seem to be the case. In almost all the main
occupational groups the scores on the indices were sig-
nificantly different for the occupations constituting the
main group (tables not shown). This finding indicates that
the groups are not homogeneously exposed to psychoso-
cial factors. There is also another reason to question ho-
mogeneity since each main occupational group consists
of 24 rather different occupations. Teaching at all edu-
cational levels is represented in the teacher group. There
are teachers from primary schools, teachers from univer-
sities, teachers from adult education, and teachers from
technical schools. Teaching and contact with pupils or
students are common features of their work. However,
there is a difference between teaching children in prima-
ry schools and teaching adults. The differences probably
cause significant differences in the psychosocial expo-
sure of the groups. This possibility is evident in the anal-
ysis of the demand index that revealed significant
differences among the 4 groups of teachers. More than
any other group of teachers, the teachers from technical
schools felt that making errors in their jobs could have
serious consequences.
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Evidently this result does not disagree with the fact
that the different teacher groups have the same probabil-
ity of scoring on the single items in the index. A com-
parison of the work environment for the different groups
constituting the main occupational group is therefore
legitimate. For some of the other main occupational
groups, the internal differences among the occupations
are even greater than they are within the teacher group.
In consequence, the explanation that larger homogeneity
has caused the bias to disappear is not reliable. There-
fore it applies for all 9 main occupational groups that the
psychosocial work environment of the occupational
groups within every single main group can be compared
with each other without problems. Moreover, compari-
sons can be made also in relation to gender and age with-
in the main occupational groups.

What is the consequence of item bias, and what can
be done if there is item bias in the summated indices in
relation to an exogenous variable?

If the reasons for bias are purely methodological, the
problems have to be rectified. Inadequate items have to
be deleted and, if possible, replaced by better-phrased
questions or response categories.

As mentioned in the introduction, information from
the questions that constitute the index is distorted if there
is bias in 21 questions in relation to an exogenous varia-
ble. It is therefore important to take the context in which
the index is being used into consideration. If the study
focuses on several exogenous variables, item bias must
be examined in relation to each variable, as an index may
be biased in relation to only 1 exogenous variable and
not to another. Therefore, an index should not be reject-
ed because of item bias in relation to 1 exogenous varia-
ble. It may very well be that there is no bias in relation
to other variables.

Another way of treating biased indices is to withdraw
the most heavily biased items from the index and then
check the assumptions of no item bias of the reduced in-
dex once again. It is essential to stress that conclusions
drawn from analyses of indices containing biased items
are neither valid nor reliable and should therefore not be
made.

There is, in principle, nothing wrong with a multi-
variate analysis that includes biased items as separate
variables if there are no methodological problems with
the items.

Item bias in an index should not be confused with the
fact that an index should be able to reveal factual differ-
ences in the work environment for the groups being ana-
lyzed. On the contrary, item bias only indicates that re-
spondents at the same score group level do not have equal
probability of scoring positively on the item.

The discussion of item bias in this paper is based on
2 different considerations. First, item bias has been ap-
proached as an item response theory technique that
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focuses on categorical qualitative items rather than the
guantitative items or indicators assumed by exploratory
and confirmatory factor analysis. Tests for conditional
independence between items and exogenous variables
may of course be performed for both quantitative and
categorical items. However, the technical details will be
somewhat different. Instead of chi-square tests and gam-
ma coefficients, standard techniques associated with anal-
yses of variance or analyses by general linear models
must be used. Second, the paper has focused on item bias
defined with respect to index scales. Items and exoge-
nous variables must be conditionally independent, given
the index scale. Item bias may also be defined with re-
spect to the theoretical construct that the index attempts
to measure and require that items and exogenous varia-
bles be conditionally independent given the latent varia-
ble. Item bias in this sense must be analyzed using tech-
niques quite different from those discussed in this paper.
Analysis of item bias for quantitative items should, in
this case, be addressed by structural equation models.
Analysis of the item bias of categorical items should be
analyzed either by item response techniques or by struc-
tural equation models on the assumption that items are
categorized versions of quantitative variables.

The discussion of advantages of different techniques
for the analysis of latent variables is a worthwhile and a
long-lasting effort. From the point of view of item bias
and differential item functioning, we can regard the dif-
ferences between the competing techniques as strictly
technical problems. Irrespective of which type of statis-
tical model one intends to use, it all boils down to tests
for conditional independence. The technical details will
of course be somewhat different if items quantitatively
represent measurement on interval or ratio scales, but the
hypotheses to be tested are in principle the same as for
categorical items. It is worth noting that an analysis by
structural models in general does not lead to or justify
the calculation of summary index scales that one can use
as proxies for latent variables. Structural modeling will
always address the latent variables and the latent struc-
ture directly and has no need for summary index scales.
For this reason, in most cases, the question of item bias
relative to a summary index scale does not even appear
in connection with structural modeling.

We finally note that item bias analyses frequently re-
veal a large number of problems even after purely meth-
odological problems have been identified and corrected.
One should regard these results as a catalogue of poten-
tial problems associated with the index. A researcher in-
tending to use the index should be aware of these prob-
lems, but whether or not they are to be regarded as seri-
ous or can be disregarded depends on the purpose of the
study. One may argue that bias against variables is not
central to the aims of the study, and in many cases it is
of no consequence.
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Appendix

Questions included in the indices

Job demands

Is the amount of work so demanding that you cannot talk or think about anything else during workhours?
Does your work require all your attention and concentration?
If you make an error, does your work tasks involve a health risk or economic risks for your firm?

Response categories
Nearly all the time
% of the time
12 of the time
Y4 of the time
Seldom or very little
Never or no

Control

Can you yourself decide your work pace?

Do you organize your own work (what is to be done, how to do it, and with whom to work)?

Can you decide when your various tasks are to be done (by working faster some days and taking it easier other
days)?

Do you get informed about decisions concerning your workplace?

Response categories

Question I: Questions 2-4:
Nearly all the time Always
% of the time Usually
15 of the time Usually not
V4 of the time Never
Seldom or very little
Never or no

Development

Are your work tasks so difficult that you have to ask someone for advice or help?
Are you able to learn something new and improve your qualifications at work?

Is your work varied?

Does your work require that you repeat the same work tasks many times per hour?

Response categories
Questions 1 and 4. Question 2:
Nearly all the time Always
% of the time Usually
14 of the time Usually not
4 of the time Never
Seldom or very little
Never or no Question 3:

To a high degree

To some degree

To a small degree

No or only to a very small degree
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Social support from colleagues

Do you work isolated from your colleagues?

If you need help or advice are you able to obtain it?

Do you get support and encouragement from your colleagues?
Can you talk to your colleagues during workhours?

Response categories

Questions 1-3: Question 4:

Always Nearly all the time

Usually % of the time

Usually not ¥ of the time

Never Y4 of the time
Seldom or very little
Never or no

Support from superiors

Do you get support and encouragement from your superior?
Does it happen that you are praised for the work you have done?

Response categories
Always
Usually
Usually not
Never

Stress

Do you often feel irritated without any reason?

Do you often find it difficult to concentrate?

Did your closest family tell you that you were forgetful?

Do you often feel sorry and run-down for no reason?

Do you feel abnormally tired?

Have you had a feeling of everything being too much for you within the last 3 months?
Have you felt nervous and unstable within the last 3 months?

Response categories

Questions 1-5: Questions 6-7:

Yes Yes, every day

No Yes, every week
Yes, once a month
No

Psychosomatic symptoms

Did you, within the last 3 months, feel pain or sting in the upper part of your stomach?
Did you, within the last 3 months, have problems with your bowel movement (diarrhea or constipation)?
Did you, within the last 3 months, have a headache?

Response categories:

Questions 1 and 3: Question 2:
Yes, every day Yes

Yes, every week No

Yes, once a month

No
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