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2 CONSTRUCTION OF SCORES

1 Introduction: Measurement of the effort-reward
imbalance

In principle, different measurement approaches towards assessing ERI are feasible. To
some extent, contextual information (e.g. job descriptions, level of salary, career mo-
bility, job loss) can be used. However, core aspects of the model concern experiences
and perceptions of working people. Therefore, self-report data are of core importance.
These data can be acquired through qualitative interviews, ecological momentary as-
sessments, standardized questionnaires or structured interviews. In large scale social
epidemiological research an economic measure in terms of a psychometrically well justi-
fied standardized questionnaire has proven to be particularly useful.

In this tradition, the ERI model has been operationalized as a standardized self-report
measure consisting of three psychometric scales: effort, reward, and overcommitment
[1]. There are two versions of the ERI questionnaire: the original or long version,
which consists of 22 Likert-scaled items, and the short version of 16 items. The shorter
version of the original questionnaire is more easily applicable in large scale epidemiologic
investigations.

2 Construction of scores

2.1 Long version
2.1.1 Effort scale

Effort is measured by five or six items respectively that refer to demanding aspects of the
work environment: ERI1-ERI6. The 5-item version excluding physical load (item ERI5)
has been found to be psychometrically appropriate in samples characterized predomi-
nantly by white collar jobs whereas the 6-item version was appropriate in blue collar
samples and occupational groups with manual workers.

All questions refer to the present respectively last occupation and subjects are asked
to indicate how far the items reflect their typical work situation. The rating procedure is
defined as follows with higher ratings pointing to higher efforts (see table[l]): (1) strongly
disagree, (2) disagree, (3) agree, and (4) strongly agree.

Table 1: 4 point Likert scale answer format in the ERI-Questionnaires.

Strongly disagree
Disagree

Agree

Ooo0ooo

Strongly agree

It should be noted that the Likert scale answer format has been changed from a
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2 CONSTRUCTION OF SCORES

two-step procedure with five categories (see table [2)) to a one-step procedure with only
four categories (see table [I|) as suggested by [2] (see also [3]). Psychometric analyses
revealed no substantial differences between these two procedures, but response rates
were substantially higher in the one-step procedure (e.g. [4]). We therefore recommend
to use this latter approach. We are aware that the absolute scale scores are no longer
strictly comparable between the scoring formats. In Section 4] we describe an adjustment
procedure for comparing scores across studies and present some reference data.

Table 2: Former 5 point Likert scale answer format of the ERI-Questionnaires. Not recom-
mended.

Disagree
Agree, and I am not al all distressed
Agree, and I am somewhat distressed

Agree, and I am distressed

Oo0ooao

Agree, and I am very distressed

A sum score of the 4-point Likert ratings is computed as the unidimensionality of the
effort scale has been documented (see table [3). A total score based on the five items
measuring extrinsic effort varies between 5 and 20 (or 6 and 24 with 6 items). The
higher the score, the more effort at work is assumed to be experienced by the subject.

2.1.2 Reward scale

Reward is measured by ten 4-point Likert scaled items (items ERI7-ERI16) coded as
in table [l We postulate a three-factorial structure of the construct of occupational
reward as given in table [3] Therefore, a second-order factor analysis is expected to
define a one-dimensional scale. The rating procedure is performed in analogy to the
effort scale. Please be aware that the long version of the ERI-Questionnaire (ERI-L
version 22.11.2012) has now only 16 items. In comparison with the previous version
29.08.07 of the ERI-Questionnaire we have merged the old items ERI7 (“I receive the
respect I deserve from my superiors”) and ERI8 (“I receive the respect I deserve from my
collegues”) into the new item ERI7 (“I receive the respect I deserve from my superior or
a respective relevant person.”). In this way, the long version of the ERI-Questionnaire
can also be applied to self-employed or small proprietors using the same 4-point Likert
scaled items. It should also be noted that the Likert scale answer format for the reward
scale has also been changed from a two-step procedure with five categories (see table [2)
to a one-step procedure with only four categories (see table [1]).

After variable recoding procedures (see the coding of the ERI-Questionnaire Long
Version in table [5| below), lower ratings point to lower rewards. A sum score of these
ratings is computed which varies between 10 and 40. The lower the score, the fewer
occupational rewards are supposed to be received by the person.
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2 CONSTRUCTION OF SCORES

Table 3: ERI-Questionnaire. Long version. Construction of scores.

Scales Items Range

Effort scale ERI1 to ERI6 6 to 24

Reward scale ERI7 to ERI16 10 to 40
Overcommitment OCI1 to OC6 6 to 24

scale

Subscales of the reward scale:

Esteem ERI7 to ERI9, ERI14 4 to 16
Promotion ERI10, ERI13, ERI15 and ERI16. 4 to 16
Security ERI11 and ERI12 2to8

Additional analyses using scores of the three sub-scales (esteem, promotion, and se-
curity) instead of the total reward score provide further meaningful information in the-
oretical and practical terms (see e.g. [5]).

2.1.3 Overcommitment scale

Overcommitment is measured by six items (items OC1-OC6) derived from an earlier

test containing 29 items ([1]). Items range from 1 (low) to 4 (high overcommitment)
(see table ).

Table 4: 4 point Likert-scaled items for the “overcommitment” dimension.

OC1: I get easily overwhelmed by time pressures at work

Strongly disagree O (1)
Disagree O (2)
Agree O (3)
Strongly agree O (4)

Note that item OC3 has to be reversed (see table [5)). The scale score is computed by
adding item values. Although the six overcommitment items load usually on a single
factor, some studies report a stronger loading of OC1 on the effort factor (e.g. [6l [7]).

(©2014 Department of Medical Sociology, Faculty of Medicine, Duesseldorf University, Germany 5



2 CONSTRUCTION OF SCORES

Table 5: ERI-Questionnaire. Long version. Item coding.

Strongly Disagree Agree Strongly
disagree agree
(1) (2) (3) (4)

ERI1 I have constant time pressure due to a heavy O O O O
work load.

ERI2 I have many interruptions and disturbances O (| (I O
while performing my job.

ERI3 I have a lot of responsibility in my job. O O (I O

ERI4 I am often pressured to work overtime. O O O O

ERI5 My job is physically demanding. O (| (I O

ERI6 Over the past few years, my job has become O | O O
more and more demanding.

ERI7 I receive the respect I deserve from my supe- O O ([l O
rior or a respective relevant person.

ERI8 I experience adequate support in difficult sit- O | O O
uations.

ERI9 I am treated unfairly at work. Reverse coding O O O O

ERI10 My job promotion prospects are poor. Reverse O O [l O
coding

ERI11 1 have experienced or I expect to experience O O [ O
an undesirable change in my work situation.
Reverse coding

ERI12 My employment security is poor. Reverse cod- U (| (I O
ing

ERI13 My current occupational position adequately O O (I O
reflects my education and training.

ERI14 Considering all my efforts and achievements, O (] (I O
I receive the respect and prestige I deserve at
work.

ERI15 Considering all my efforts and achievements, O O O O
my job promotion prospects are adequate.

ERI16 Considering all my efforts and achievements, O | O O

my salary / income is adequate.

(©2014 Department of Medical Sociology, Faculty of Medicine, Duesseldorf University, Germany



2 CONSTRUCTION OF SCORES

2.2 Short version
2.2.1 Effort scale

Effort is measured by three 4-point Likert scaled items (ERI 1-3) coded as in table
[ To facilitate the measurement in future studies we recommend a consistent 4-point
Likert scale (strongly disagree, disagree, agree, strongly agree) for all components of the
questionnaire. A total score based on the three items measuring effort varies between 3

and 12 (see table [0]).

Table 6: ERI-Questionnaire. Short version. Construction of scores.

Scales Items Range
Effort scale ERI1 to ERI3 3to 12
Reward scale ERI4 to ERI10 7 to 28
Overcommitment OC1 to OC6 6 to 24
scale

Subscales of the reward scale:

Esteem ERI4 and ERI8 2to 8
Promotion ERI5, ERI9, and ERI1I0 3 to 12
Security ERI6 and ERI7 2to8

2.2.2 Reward scale

Reward is measured by seven items (ERI4-ERI10). A sum score of these items varies
between 7 and 28. The score coding for the reward scale is reproduced in table [7]
The lower the score, the fewer occupational rewards are supposed to be received by the
person.

2.2.3 Overcommitment scale

Because the overcommitment questionnaire was already the result of a previous psycho-
metrically validated reduction capturing the essence of this personal pattern of coping
with work, it was included without further change into the short version.

2.3 ER-ratio

The established procedure of data analysis consists in estimating the association of single
scales, and eventually their interaction, with outcomes of interest. In this context and in
accordance with a core theoretical assumption, it was proposed that the interaction of

(©2014 Department of Medical Sociology, Faculty of Medicine, Duesseldorf University, Germany 7



2 CONSTRUCTION OF SCORES

Table 7: ERI-Questionnaire. Short version. Item coding.

Strongly Disagree  Agree  Strongly
disagree agree
(1) (2) (3) (4)

ERI1 I have constant time pressure due to a heavy O O O O
work load.

ERI2 I have many interruptions and disturbances (] ] (] g
while performing my job.

ERI3 Over the past few years, my job has become O | O O
more and more demanding.

ERI4 I receive the respect I deserve from my supe- O O [l O
rior or a respective relevant person.

ERI5 My job promotion prospects are poor. Reverse O ([l (I O
coding

ERI6 I have experienced or I expect to experience O O (I O
an undesirable change in my work situation.
Reverse coding

ERI7 My job security is poor. Reverse coding U | O O

ERI8 Considering all my efforts and achievements, O O [ O
I receive the respect and prestige I deserve at
work.

ERI9 Considering all my efforts and achievements, O | O O
my job promotion prospects are adequate.

ERI10 Considering all my efforts and achievements, O O O O
my salary / income is adequate.

ocC1 I get easily overwhelmed by time pressures at O | O O
work.

0C2 As soon as I get up in the morning I start O O (I O
thinking about work problems.

0Cs3 When I get home, I can easily relax and O | O O
‘switch off” work. Reverse coding

0C4 People close to me say I sacrifice too much for O O [ O
my job.

0Cs Work rarely lets me go, it is still on my mind O O O O
when I go to bed.

0OcCe6 If T postpone something that I was supposed O O (I O

to do today I'll have trouble sleeping at night.
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3 PSYCHOMETRIC INFORMATION

the effort and reward scales in terms of a ratio may capture the imbalance between efforts
and rewards at the individual level. The quantification of imbalance at the individual
level provides important additional information with a single indicator. This procedure
is comparable to the use of synthetic measures in epidemiological studies (e.g. Body
Mass Index, see [§, 9] for methodological discussion).

To compute the ER-ratio, the effort score is put in the enumerator and the reward
score in the denominator:

E
ER=Fk— 2.1
s 1)

where E is the effort score, R the reward score, and k a correction factor that may be
used to adjust for the unequal number of items of the effort and reward scores. Assuming
that one effort item is equivalent to one reward item, we can define the correction factor

k as follows:
B Number of reward items

) 2.2
Number of effort items (2:2)

With this formulation of £, the interpretation of the ER-ratio is facilitated for descrip-
tive purposes. For ER = 1, the person reports one effort for one reward, for FR < 1,
there are less efforts for each reward, and for ER > 1, the person reports more efforts
for each reward. In the short version k = 7/3, and in the long version either £ = 10/6
or k = 10/5 depending on the number of items used for the effort scale. Please be aware
that the cut-off point of ER = 1 does not represent a clinically validated threshold. We
propose to use the ER-ratio either as continuous variable or as categorical variable based
on the quantiles of the distribution (e.g. quartiles, see for example [10] 11]).

3 Psychometric information

3.1 Original version
3.1.1 Scale reliability

Published data document satisfactory internal consistency in terms of Cronbach’s «
(usually o > 0.70) of the three scales of effort, reward and overcommitment. Test-
retest-reliability has been analysed in several studies so far with satisfactory results
[6l, 12 13]. More recently, multiple assessment of scales has been conducted, using
"Ecological Momentary Assessment’ technique documenting a strong correlation between
the summary estimate based on the self-administered questionnaire and the momentary
estimate based on EMA technique (see table 2 in [14]).

3.1.2 Factorial structure

Exploratory and confirmatory factor analyses were conducted with satisfactory results.
In particular, confirmatory factor analyses based on data from five international samples
resulted in a good model fit for the unidimensional “effort” and “overcommitment”
scales and the three factorial structure of the “reward” scale. Goodness of fit was

(©2014 Department of Medical Sociology, Faculty of Medicine, Duesseldorf University, Germany 9



3 PSYCHOMETRIC INFORMATION

assessed by the GFI- and the AGFIl-index, in addition to Chi-square and root-mean
square residual. For details see [I]. These results were replicated and further validated in
several third order confirmatory factor analyses (e.g. [15, 4, 6]). Figure|l) demonstrates
the theoretically postulated structure of scales for the short version.

3.1.3 Convergent validity

Several studies have documented the independent explanatory power of the ER scales
compared to the scales of the demand-control-model [16] despite the fact that the scales
’"demand’ and ’effort’ show modest to strong correlations (ranging between r = 0.30 and
r = 0.60; [17, 18], among others). Independent explanatory power of the ER scales was
also demonstrated in case of the model of organizational injustice [19].

3.1.4 Discriminant validity

Significant differences in mean scores of effort, reward and overcommitment according
to gender, age, socio-economic status, and other socio-demographic characteristics were
observed in a large number of studies. We cannot give here a comprehensive review but,
as an example, Wahrendorf et al. (2012) point to the social gradient of effort-reward
imbalance (ERI) [20].

3.1.5 Criterion validity

See ’Selected publications on research evidence’ on our website http://www.uniklinik-
duesseldorf.de/med-soziologie.

3.1.6 Sensitivity to change over time

Importantly, several studies reported convincing sensitivity of the scales to indicate real
changes over time [21], [6], [13].

3.2 Short version
3.2.1 Scale reliability

In a study by Leineweber et. al. (2010) all Cronbach’s « coefficients are equal to
or higher than 0.80 (effort =0.80, reward = 0.84, overcommitment=0.85), indicating
a satisfying internal consistency. Item-total correlations varied between 0.55 (0.42 for
corrected item-total correlation) and 0.86 (0.78 for corrected item-total correlation) and
were all above the threshold of 0.30. In another study [3] all Cronbach’s « coefficients
were higher than 0.70, suggesting satisfactory internal consistency (Cronbach’s alpha of
0.74 for “effort”, 0.79 for “reward”, and 0.79 for “overcommitment”). Further, all item-
total correlation coeffcients were above the threshold of 0.30, indicating considerable
consistency of items defining respective scales (see also [22]).

(©2014 Department of Medical Sociology, Faculty of Medicine, Duesseldorf University, Germany 10



3 PSYCHOMETRIC INFORMATION

80 ERI1

effort .61 ERI2

9Pl ERI3

.97

o
N ©
m
=)
3

job
security

o N\ 5

.93

©

promotion

o~

ESEEN
m
)
©

55 OCH
7P Oc2
I 0C3
overcommitment '48}
9 oc4
.81
0C5
.53
0Ce

Figure 1: Factorial structure of the effort-reward imbalance model. Source: [3].
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4 MEANS OF THE ER SCORES FROM EPIDEMIOLOGICAL STUDIES

3.2.2 Factorial Structure

The ER scales were tested with confirmatory factor analysis (see Figure 1| which repre-
sents the second-order model testing the theoretical structure, RMSEA = 95% CI 0.057
- 0.060). This factorial structure was replicated in other studies (e.g. [23]).

3.2.3 Discriminant validity

Again, as indicated for the long version (see Section [3.1.4), the short version scales
demonstrated discriminant validity in several studies published so far (e.g. [23, 22l 24]

3).

3.2.4 Criterion validity

Published studies so far document criterion validity of the short scales with regard to
several health measures (see "Selected publications on research evidence’ on our website
http://www.uniklinik-duesseldorf.de/med-soziologie).

4 Means of the ER scores from epidemiological studies

In this section we have tabulated the means of the effort, reward, overcommitment, and
ER-ratio scores of several epidemiological studies using the original or a slightly modified
long version. The range of the scales is heterogeneous and depends on (i) the number
ot items and (ii) the range of each Likert item. Moreover, substantial socio-cultural
differences are expected. In order to compare the scores across studies it is necessary
to transform the original scores into a common scale. The adjusted scores are obtained
by applying a linear transformation mapping the original score in the range 0-100. The
procedure is as follows. Let x; be any original scores for person ¢ (i.e. effort, reward or
overcommitment scores), Z the sample mean of the original scores, and o2 the original
sample variance. The adjusted scores y; for person i are defined by:

Yi = a+bx; (4.1)
100 100
ith a=———, b=—"— 4.2
W1 a @ B 1, My — ml; ( )
my

where m; > 0 and m, are the minimum and maximum possible score values in the
original scores, respectively. Taking into account the definitions of expectation and
variance, we can obtain from Equation estimates of the adjusted sample mean 3 and
variance o:

1
= E:l_ b7 4.

n—1

(©2014 Department of Medical Sociology, Faculty of Medicine, Duesseldorf University, Germany 12



4 MEANS OF THE ER SCORES FROM EPIDEMIOLOGICAL STUDIES

The following section describes the estimation formulae of the adjusted ER-ratios for
those who are interested in the exact procedure. Since the comparability of the ER-ratio
scores is also limited by the differences in range and number of items in each study, the
adjusted scores may be used in this case to obtain the adjusted means and variances
of the ER-ratios. If individual data is missing, we can approximate the adjusted mean
ER-ratio FR, from the adjusted means and variances of the efforts and rewards by using
a normal approximation. Let N(u,c?) denote a normal distribution with expectation
and variance o2. Using Equations and let &, and o2 be the adjusted mean and
variance of the effort scores, and 7,02 the adjusted mean and variance of the reward
scores. From Equation [2.1] we can estimate the adjusted mean of the ER-ratio scores
ER, as follows. First, we assume that é,, 02, and 7,, 02 result from normally distributed
variables. We can sample in that case n elements from the normal distributions N (&, 02)
and N(7,,02) > 0 and estimate the mean of the n sampled elements:

Ni(éaaag)

ER. = i =1,... 4.
RZ kNZ(fa7 O_g)) Z ) 7n ( 5)

. 1 <&
ER,=—-Y ER,. 4.
R, nz R; (4.6)
(4.7)

Note that the elements sampled from the distributions N;(é,, c?) and N;(7,,02%) > 0 are
taken only in the ranges [0,100] and (0, 100], respectively. A rough approximation of

—

the adjusted variance of the ER-ratio scores Var(ER), becomes thus:

n

D _(ER; — ER,)’ (4.8)

%

1

n —

Var(ER), =

In order to estimate more accurately the sample variance of the adjusted ER-ratios, we
calibrated the variances in Equation [4.8 with the standard deviations of the ER-ratios
reported in the original publications. We were able to obtain better approximations of
the sample variances of the adjusted ER-ratios by adding 1 to the adjusted standard
deviations, that is, we sampled from the normal distributions given above with variance
02 4+ 1 and o2 + 1, respectively. In table we report the results of the calibrated
estimates of the original means of the ER-ratios together with the adjusted means. In
order to obtain more realistic results, we set n = 500 for all studies. The correction
factor k in the adjusted ER-ratios is always 1, since the ranges of the adjusted effort
and reward scales are expressed in the same range.

(©2014 Department of Medical Sociology, Faculty of Medicine, Duesseldorf University, Germany 13
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Table 8: Means of the effort scores from various epidemiological studies. Standard deviation in parentheses. NA = Not available.

Reference Country, Occupation Sample size Items  Likert-scale  Original score  Adjusted mean score
year
[ France, @ GAZEL (French National 6447 men 5 5 11.57 (4.28) 32.85 (21.4)
2004 Electric and Gas Com-
pany)
[ France, @ GAZEL (French National 2454 women 5 5 11.34 (4.27) 31.7 (21.35)
2004 Electric and Gas Com-
pany)
1] UK, Whitehall TI Study (civil 2783 men 4 5 8.24 (2.8) 26.5 (17.5)
2004 servants)
iy UK, Whitehall II Study (civil 914 women 4 5 8.54 (3.12) 28.37 (19.5)
2004 servants)
iy Sweden, WOLF (several companies 738 men 5 5 13.31 (4.87) 41.55 (24.35)
2004 representing different sec-
tors in the Northern region
of Sweden, Norrland)
[ Sweden, WOLF (several companies 222 women 5 5 12.31 (4.97) 36.55 (24.85)
2004 representing different sec-
tors in the Northern region
of Sweden, Norrland)
[ Germany, Public Transport Employ- 256 men 5 5 12.65 (3.93) 38.25 (19.65)
2004 ees
[ Germany, Public Transport Employ- 46 women 5 5 11.7 (3.89) 33.5 (19.45)
2004 ees
(i Belgium, Somstress Study (4 compa- 2045 men 5 4 14.42 (2.52) 62.8 (16.8)
2004 nies across Belgium)
[ Belgium, Somstress Study (4 compa- 1724 women 5 4 14.19 (2.78) 61.27 (18.53)
2004 nies across Belgium)
[25] The Blue- and white-collar 775, 82% men, 18% women 6 4 10.9 (3.0) 27.22 (NA)
Nether-  workers from four compa-
lands, nies
2000

Continues on the

next page ... ...
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Table 8: Means of the effort scores from various epidemiological studies. Standard deviation in parentheses. NA = Not available.

Reference Country, Occupation Sample size Items  Likert-scale  Original score  Adjusted mean score
year

[26] Spain, Hospital workers 84 men 6 5 15.75 (4.4) 40.62 (18.33)
2003

[26] Spain, Hospital workers 214 women 6 5 16.42 (4.26) 43.42 (17.75)
2003

27] Norway, Municipality employees 1803 men and women 5 5 11.7 (4.2) 33.5 (21)
2008

[28] Germany, Teachers 949 men and women 6 5 18.2 (4.24) 50.83 (17.67)
2007

[4] Greece, Health professionals 456 men and women 6 4 18 (3.2) 66.67 (17.78)
2012

[29] Germany, Gutenberg Health Study: 1342 men and women 6 5 13.58 (4.29) 31.58 (17.88)
2013 population-based sample

[30] Belgium, NEXT study: Hospital 527 women 6 5 15.2 (4.4) 38.33 (18.33)
2011 nurses

[30] Germany, NEXT study: Hospital 1054 women 6 5 17.17 (4.06) 46.54 (16.92)
2011 nurses

[30] France, NEXT study: Hospital 773 women 6 5 15.39 (4.16) 39.12 (17.33)
2011 nurses

[30] Ttaly, NEXT study: Hospital 1652 women 6 5 15.53 (4.62) 39.71 (19.25)
2011 nurses

[30] The NEXT study: Hospital 646 women 6 5 11.55 (3.06) 23.13 (12.75)
Nether-  nurses
lands,
2011

[30] Poland, NEXT study: Hospital 1281 women 6 5 15.95 (4.48) 41.46 (18.67)
2011 nurses

[30] Slovakia, NEXT study: Hospital 536 women 6 5 14.93 (4.15) 37.21 (17.29)
2011 nurses

[31] USA, Hotel room cleaners 827 men and women 5 5 16.3 (4.9) 56.5 (24.5)
2010

Continues on the next page ... ...
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Table 8: Means of the effort scores from various epidemiological studies. Standard deviation in parentheses. NA = Not available.

Reference Country, Occupation Sample size Items  Likert-scale  Original score  Adjusted mean score
year

[32] China, Healthcare workers 800 men and women 6 5 15.63 (4.8) 40.13 (20)
2005

[33] South Workers from a a petro- 908 men 6 5 11.71 (3.39) 23.79 (14.13)
Korea, chemical company
2007

[34] Thailand, Garment workers 823 men and women 6 5 11.53 (3.81) 23.04 (15.88)
2008

[35] Mongolia, Doctors and nurses 362 men and women 6 5 12.38 (3.82) 26.58 (15.92)
2011

[36] Iran, Employees from a syn- 227 men 6 5 10.43 (3.5) 18.46 (14.58)
2013 thetic fibre factory

[37] Brazil, Nurses 1509 men and women 6 5 12.8 (NA) 28.33 (NA)
2009

[38] Jordan,  High school staff 126 men and women 6 5 15.3 (4.4) 38.75 (18.33)
2013
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Table 9: Means of the reward scores from various epidemiological studies. Standard deviations in parentheses. NA = Not available.

Reference Country, Occupation Sample size Ttems Likert-scale  Original score Adjusted mean score
year
1] France, = GAZEL (French National 6447 men 11 5 46.71 (7.86) 81.16 (17.86)
2004 Electric and Gas Com-
pany)
1] France, @ GAZEL (French National 2454 women 11 5 46.65 (8.24) 81.02 (18.73)
2004 Electric and Gas Com-
pany)
I UK, Whitehall II Study (civil 2783 men 9 5 34.48 (5.6) 70.78 (15.56)
2004 servants)
1] UK, Whitehall II Study (civil 914 women 9 5 33.91 (6.09) 69.19 (16.92)
2004 servants)
[1] Sweden, WOLF (several companies 738 men 11 5 46.4 (7.7) 80.45 (17.5)
2004 representing different sec-
tors in the Northern region
of Sweden, Norrland)
1] Sweden, WOLF (several companies 222 women 11 5 45.19 (7.1) 77.7 (16.14)
2004 representing different sec-
tors in the Northern region
of Sweden, Norrland)
[ Germany, Public Transport Employ- 248 men 11 5 41.52 (8.93) 69.36 (20.3)
2004 ees
1] Germany, Public Transport Employ- 42 women 11 5 42.79 (9.01) 72.25 (20.48)
2004 ees
1] Belgium, Somstress Study (4 compa- 2012 men 11 4 28.86 (4.82) 54.12 (14.61)
2004 nies across Belgium)
1] Belgium, Somstress Study (4 compa- 1671 women 11 4 29.17 (4.88) 55.06 (14.79)
2004 nies across Belgium)
[26] Spain, Hospital workers 84 men 11 5 37.51 (8.7) 60.25 (19.77)
2003
[26] Spain, Hospital workers 214 women 11 5 38.55 (8.46) 62.61 (19.23)
2003

Continues on the

next page ... ...
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Table 9: Means of the reward scores from various epidemiological studies. Standard deviations in parentheses. NA = Not available.

Reference Country, Occupation Sample size Ttems Likert-scale  Original score Adjusted mean score
year

[27] Norway, Municipality employees 1803 men and 11 5 47.8 (6.5) 83.64 (14.77)
2008 women

[28] Germany, Teachers 949 men and 11 5 43.5 (7.04) 73.86 (16)
2007 women

[] Greece,  Health professionals 456 men and 11 4 26.4 (4.9) 46.67 (14.85)
2012 women

[29] Germany, Gutenberg Health Study: 1342 men and 11 5 48.25 (6.75) 84.66 (15.34)
2013 population-based sample women

[30] Belgium, NEXT study: Hospital 527 women 11 5 48.36 (5.61) 84.91 (12.75)
2011 nurses

[30] Germany, NEXT study: Hospital 1054 women 11 5 44.64 (6.47) 76.45 (14.7)
2011 nurses

[30] France, @~ NEXT study: Hospital 773 women 11 5 47.23 (6.34) 82.34 (14.41)
2011 nurses

[30] Italy, NEXT study: Hospital 1652 women 11 5 44.19 (7.38) 75.43 (16.77)
2011 nurses

[30] The NEXT study: Hospital 646 women 11 5 50.39 (4.11) 89.52 (9.34)
Nether-  nurses
lands,
2011

[30] Poland, NEXT study: Hospital 1281 women 11 5 40.8 (8.03) 67.73 (18.25)
2011 nurses

[30] Slovakia, NEXT study: Hospital 536 women 11 5 43.42 (7.52) 73.68 (17.09)
2011 nurses

[31] USA, Hotel room cleaners 827 men and 11 5 36.2 (12.1) 57.27 (27.5)
2010 women

[32] China, Healthcare workers 800 men and 11 5 46.28 (7.28) 80.18 (16.55)
2005 women

[24] China, Community-based sample 1916 men and 7 4 18.88 (2.59) 56.57 (12.33)
2012 women

Continues on the

next page ... ...
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Table 9: Means of the reward scores from various epidemiological studies. Standard deviations in parentheses. NA = Not available.

Reference Country, Occupation Sample size Ttems Likert-scale  Original score Adjusted mean score
year

[33] South Workers from a a petro- 908 men 11 5 47.96 (7.26) 84 (16.5)
Korea, chemical company
2007

[34] Thailand, Garment workers 822 men and 11 5 48.41 (5.46) 85.02 (12.41)
2008 women

[35] Mongolia, Doctors and nurses 362 men and 11 5 46.7 (5.94) 81.14 (13.5)
2011 women

[36] Iran, Employees from a syn- 227 men 11 5 40.66 (8.9) 67.41 (20.23)
2013 thetic fibre factory

B37] Brazil,  Nurses 1509 men and 11 5 45.2 (NA) 77.73 (NA)
2009 women

[38] Jordan, High school staff 126 men and 11 5 21.3 (8.7) 23.41 (19.77)
2013 women
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Table 10: Means of the overcommitment scores from various epidemiological studies. Standard deviations in parentheses. NA = Not

available.

Reference Country, Occupation Sample size Items  Likert-scale  Original score  Adjusted mean score
year
[ France, GAZEL (French National 6289 men 6 4 2.51 (0.61) 50.33 (20.33)
2004 Electric and Gas Com-
pany)
[ France, ~GAZEL (French National 2404 women 6 4 2.57 (0.63) 52.33 (21)
2004 Electric and Gas Com-
pany)
1] UK, Whitehall II Study (civil 2783 men 5 4 2.02 (0.76) 34 (25.33)
2004 servants)
[ UK, Whitehall II Study (civil 914 women 5 4 2.06 (0.78) 35.33 (26)
2004 servants)
[ Sweden, WOLF (several companies 738 men 6 4 1.79 (0.61) 26.33 (20.33)
2004 representing different sec-
tors in the Northern region
of Sweden, Norrland)
(i Sweden, WOLF (several companies 222 women 6 4 1.85 (0.61) 28.33 (20.33)
2004 representing different sec-
tors in the Northern region
of Sweden, Norrland)
[ Germany, Public Transport Employ- 256 men 6 4 2.04 (0.63) 34.67 (21)
2004 ees
o Germany, Public Transport Employ- 48 women 6 4 2.1 (0.61) 36.67 (20.33)
2004 ees
iy Belgium, Somstress Study (4 compa- 2056 men 6 4 2.57 (0.6) 52.33 (20)
2004 nies across Belgium)
(il Belgium, Somstress Study (4 compa- 1740 women 6 4 2.53 (0.59) 51 (19.67)
2004 nies across Belgium)
[25] The Blue- and  white-collar 775, 82% men, 18% women 9 2 2.4 (2.5) 26.67 (NA)
Nether-  workers from four compa-
lands, nies
2000

Continues on the

next page ... ...
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Table 10: Means of the overcommitment scores from various epidemiological studies. Standard deviations in parentheses. NA = Not

available.

Reference Country, Occupation Sample size Items  Likert-scale  Original score  Adjusted mean score
year

[26] Spain, Hospital workers 84 men 6 4 2.48 (0.59) 49.33 (19.67)
2003

[26] Spain, Hospital workers 214 women 6 4 2.63 (0.62) 54.33 (20.67)
2003

[27] Norway, Municipality employees 1803 men and women 6 4 12.1 (3.4) 33.89 (18.89)
2008

[4] Greece, Health professionals 456 men and women 6 4 14.5 (3.2) 47.22 (17.78)
2012

[29] Germany, Gutenberg Health Study: 1342 men and women 6 4 13.07 (3.75) 39.28 (20.83)
2013 population-based sample

[30] Belgium, NEXT study: Hospital 527 women 6 4 13.57 (3.31) 42.06 (18.39)
2011 nurses

[30] Germany, NEXT study: Hospital 1054 women 6 4 13.8 (3.53) 43.33 (19.61)
2011 nurses

[30] France, NEXT study: Hospital 773 women 6 4 13.99 (3.44) 44.39 (19.11)
2011 nurses

[30] Ttaly, NEXT study: Hospital 1652 women 6 4 14.22 (3.22) 45.67 (17.89)
2011 nurses

[30] The NEXT study: Hospital 646 women 6 4 11.79 (2.54) 32.17 (14.11)
Nether-  nurses
lands,
2011

[30] Poland, NEXT study: Hospital 1281 women 6 4 14.19 (3.23) 45.5 (17.94)
2011 nurses

[30] Slovakia, NEXT study: Hospital 536 women 6 4 14.98 (2.78) 49.89 (15.44)
2011 nurses

[32] China, Healthcare workers 800 men and women 6 4 15.95 (2.95) 55.28 (16.39)
2005

Continues on the next page ... ...
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Table 10: Means of the overcommitment scores from various epidemiological studies. Standard deviations in parentheses. NA = Not

available.

Reference Country, Occupation Sample size Items Likert-scale  Original score  Adjusted mean score
year

[24] China, Community-based sample 1916 men and women 6 4 15.32 (2.38) 51.78 (13.22)
2012

[33] South Workers from a a petro- 908 men 6 4 13.58 (2.29) 42.11 (12.72)
Korea, chemical company
2007

[34] Thailand, Garment workers 825 men and women 6 4 14.15 (2.48) 45.28 (13.78)
2008

[35] Mongolia, Doctors and nurses 362 men and women 6 4 14.36 (3.54) 46.44 (19.67)
2011

[36] Iran, Employees from a syn- 227 men 6 4 14.05 (2.7) 44.72 (15)
2013 thetic fibre factory

[37] Brazil, Nurses 1509 men and women 6 4 13.6 (NA) 42.22 (NA)
2009

[38] Jordan, High school staff 126 men and women 6 4 13.7 (3.5) 42.78 (19.44)
2013
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Table 11: Means of the ER-ratio scores from various epidemiological studies. Standard deviations in parentheses. The calibrated
values denote the estimates of the original values by using Equation [£.8]and adding 1 standard deviation unit. For the

adjusted values the correction factor is k = 1.

Reference Country, Occupation Sample size k Original ER-score  Calibrated values  Adjusted ER-ratios
year

[27] Norway, Municipality employees 1803 men and women 2.2 0.6 (0.3) 0.61 (0.24) 0.43 (0.26)
2008

[28] Germany, Teachers 949 men and women  1.83 0.81 (0.3) 0.82 (0.27) 0.79 (0.42)
2007

[] Greece,  Health professionals 456 men and women  1.83 1.32 (0.41) 1.27 (0.45) 1.63 (1.13)
2012

[29] Germany, Gutenberg Health Study: 1342 men and women 1.83 0.55 (0.23) 0.59 (0.22) 0.42 (0.24)
2013 population-based sample

[30] Belgium, NEXT study: Hospital 527 women 1.83 0.6 (0.23) 0.63 (0.21) 0.52 (0.24)
2011 nurses

[30] France, NEXT study: Hospital 773 women 1.83 0.62 (0.23) 0.65 (0.23) 0.55 (0.24)
2011 nurses

[30] Germany, NEXT study: Hospital 1054 women 1.83 0.74 (0.27) 0.76 (0.25) 0.64 (0.28)
2011 nurses

[30] Italy, NEXT study: Hospital 1652 women 1.83 0.68 (0.33) 0.7 (0.28) 0.58 (0.36)
2011 nurses

[30] Poland, NEXT study: Hospital 1281 women 1.83 0.78 (0.38) 0.77 (0.35) 0.71 (0.38)
2011 nurses

[30] Slovakia, NEXT study: Hospital 536 women 1.83 0.67 (0.3) 0.71 (0.27) 0.56 (0.31)
2011 nurses

[30] The NEXT study: Hospital 646 women 1.83 0.43 (0.13) 0.45 (0.14) 0.29 (0.15)
Nether-  nurses
lands,
2011

[31] USA, Hotel room cleaners 823 men and women 2.2 1.3 (0.9) 1.1 (0.58) 1.32 (5.29)
2010

Continues on the

next page ... ...
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Table 11: Means of the ER-ratio scores from various epidemiological studies. Standard deviations in parentheses. The calibrated
values denote the estimates of the original values by using Equation [£.8]and adding 1 standard deviation unit. For the

adjusted values the correction factor is k = 1.

Reference Country, Occupation Sample size k Original ER-score  Calibrated values  Adjusted ER-ratios
year

[32] China, Healthcare workers 800 men and women  1.83 0.66 (0.34) 0.69 (0.26) 0.57 (0.29)
2005

[24] China, Community-based sample 1916 men and women  2.33 0.97 (0.26) 0.96 (0.35) 0.96 (0.49)
2012

[33] South Workers from a a petro- 908 men 1.83 0.48 (0.26) 0.52 (0.17) 0.34 (0.21)
Korea, chemical company
2007

[35] Mongolia, Doctors and nurses 362 men and women 1.83 0.61 (0.28) 0.55 (0.19) 0.36 (0.2)
2011

[36] Iran, Employees from a syn- 227 men 1.83 0.54 (0.4) 0.59 (0.25) 0.39 (0.56)
2013 thetic fibre factory

SHIANLS TVOIDOTOINHAIdH INOYA SHYODS 4 HHL 4O SNVHIN ¥



References

References

1]

Siegrist, J., Starke, D., Chandola, T., et al. (2004). The measurement of Effort-
Reward Imbalance at work: European comparisons. Social Science & Medicine,
58(8):1483-1499.

Tsutsumi, A., Iwata, N., Wakita, T., et al. (2008). Improving the measurement
accuracy of the effort-reward imbalance scales. International Journal of Behavioral
Medicine, 15(2):109-119, doi:10.1080/10705500801929718.

Siegrist, J., Wege, N., Piihlhofer, F., et al. (2009). A short generic measure of work
stress in the era of globalization: effort-reward imbalance. Int Arch Occup Environ
Health, 82:1005-1013, do0i:10.1007/s00420-008-0384-3.

Msaouel, P.; Keramaris, N., Apostolopoulos, A., et al. (2012). The Effort-reward
Imbalance Questionnaire in Greek: Translation, Validation and Psychometric Prop-
erties in Health Professionals. Journal of Occupational Health, 54(2):119-130.

Van Vegchel, N., de Jonge, J., Bakker, A.; et al. (2002). Testing global and specific
indicators of rewards in the Effort-Reward Imbalance Model: Does it make any
difference? European Journal of Work and Organizational Psychology, 11:403-421.

Rantanen, J., Feldt, T., Hyvonen, K., et al. (2012). Factorial validity of the
effort—-reward imbalance scale: evidence from multi-sample and three-wave follow-

up studies. International Archives of Occupational and Environmental Health, doi:
10.1007/s00420-012-0798-9.

Magnavita, N., Garbarino, S., Siegrist, J. (2012). The Use of Parsimonious Ques-
tionnaires in Occupational Health Surveillance: Psychometric Properties of the
Short Italian Version of the Effort/Reward Imbalance Questionnaire. The Scientific
World Journal, 2012:7, doi:10.1100/2012.

Ferger, W. (1931). The nature and use of the harmonic mean. Journal of the Amer-
ican Statistical Association, 26(173):36-40.

Rao, T.J. (2002). Mean of ratios or ratio of means or both? Journal of Statistical
Planning and Inference, 102(1):129-138, doi:10.1016/S0378-3758(01)00181-1.

Pikhart, H., Bobak, M., Pajak, A., et al. (2004). Psychosocial factors at work
and depression in three countries of Central and Eastern Europe. Social Science €
Medicine, 58(8):1475-1482.

Niedhammer, I., Teck, M., Starke, D., et al. (2004). Effort-Reward Imbalance Model
and self reported health: Cross-sectional and prospective results from the GAZEL
Cohort. Social Science & Medicine, 58(8):1531-1541.

(©2014 Department of Medical Sociology, Faculty of Medicine, Duesseldorf University, Germany 25



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

References

Shimazu, A., de Jonge, J. (2009). Reciprocal relations between effort-reward im-
balance at work and adverse health: A three-wave panel survey. Social Science €
Medicine, 68:60-68, doi:10.1016/j.socscimed.2008.09.05.

Tornroos, M., Keltikangas-Jérvinen, L., Hintsa, T., et al. (2014). Longitudinal mea-
surement invariance of the effort-reward imbalance scales in the Young Finns study.
Occupational and Environmental Medicine, doi:10.1136 /oemed-2013-101947.

Johnston, J. (2006). Using computerized ambulatory diaries for the assessement of
job characteristics and work-related stress in nurses. Work € Stress, 20:163—172.

Rodel, A., Siegrist, J., Hessel, A., et al. (2004). Fragebogen zur Messung beruflicher
Gratifikationskrisen. Psychometrische Testung an einer repréasentativen deutschen
Stichprobe. Zeitschrift fir Differentielle und Diagnostische Psychologie, 25(4):227—
238, d0i:10.1024/0170-1789.25.4.227.

Karasek, R., Brisson, C., Kawakami, N., et al. (1998). The Job Content Ques-
tionnaire (JCQ): an instrument for internationally comparative assessments of psy-
chosocial job characteristics. Journal of Occupational Health Psychology, 3:322-355.

Calnan, M., Wainwright, D., Almond, S. (2001). Job Strain, Effort Reward and
Mental Distress: A Study of General Practice. Work and Stress, 14(4):297-311.

Tsutsumi, A., Kayaba, K., Theorell, T., et al. (2001). Association between job
stress and depression among Japanese employees threatened by job loss in compar-

ison between two complementary job-stress models. Scandinavian Journal of Work
Environment and Health, 27:146-153.

Kiviméki, M., Vahtera, J., Elovainio, M., et al. (2007). Effort-reward imbalance,
procedural injustice and relational injustice as psychosocial predictors of health:
Complementary or redundant models? Occup Environ Med, 64:659-665, doi:10.
1136/0em.2006.031310.

Wahrendorf, M., Dragano, N., Siegrist, J. (2013). Social Position, Work Stress, and
Retirement Intentions: A Study with Older Employees from 11 European Countries.
European Sociological Review, 29:792-802, doi:10.1093/esr.

Tsutsumi, A., Nagami, M., Morimoto, K., et al. (2002). Responsiveness of measures
in the effort-reward imbalance questionnaire to organizational changes: a validation
study. Journal of Psychosomatic Research, 52:249-256.

Li, J., Loerbroks, A., Jarczok, M.N.; et al. (2012). Psychometric properties and
differential explanation of a short measure of effort-reward imbalance at work: a
study of industrial workers in Germany. American journal of industrial medicine,

55(9):808-815, doi:10.1002/ajim.22018.

(©2014 Department of Medical Sociology, Faculty of Medicine, Duesseldorf University, Germany 26



[23]

[24]

[27]

[28]

[31]

[32]

References

Leineweber, C., Wege, N.; Westerlund, H., et al. (2010). How valid is a short mea-
sure of effort-reward imbalance at work? A replication study from Sweden. Occupa-
tional and environmental medicine, 67(8):526-531, doi:10.1136/0em.2009.050930.

Li, J., Loerbroks, A., Shang, L., et al. (2012). Validation of a Short Measure of
Effort-Reward Imbalance in the Workplace: Evidence from China. Journal of occu-
pational health, 54(6):427-433.

Hanson, E.K., Schaufeli, W., Vrijkotte, T., et al. (2000). The validity and reliability
of the Dutch Effort-Reward Imbalance Questionnaire. Journal of occupational health
psychology, 5(1):142-155.

Macias Robles, M.D., Fernandez-Lopez, J.A., Hernandez-Mejia, R., et al. (2003).
Measuring psychosocial stress at work in Spanish hospital’s personnel. Psychomet-
ric properties of the Spanish version of Effort-Reward Imbalance model. Medicina
clinica, 120(17):652-657.

Lau, B. (2008). Effort-reward imbalance and overcommitment in employees in a
Norwegian municipality: a cross sectional study. Journal of occupational medicine
and toxicology (London, England), 3:9, doi:10.1186/1745-6673-3-9.

Unterbrink, T., Hack, A., Pfeifer, R., et al. (2007). Burnout and effort-reward-
imbalance in a sample of 949 German teachers. International Archives of Occupa-
tional and Environmental Health, 80(5):433-441, doi:10.1007/s00420-007-0169-0.

Nuebling, M., Seidler, A., Garthus-Niegel, S., et al. (2013). The Gutenberg Health
Study: measuring psychosocial factors at work and predicting health and work-
related outcomes with the ERI and the COPSOQ questionnaire. BMC public health,
13:538, doi:10.1186/1471-2458-13-538.

Li, J., Galatsch, M., Siegrist, J., et al. (2011). Reward frustration at work and
intention to leave the nursing profession—prospective results from the European
longitudinal NEXT study. International journal of nursing studies, 48(5):628-635,
do0i:10.1016/j.ijnurstu.2010.09.011.

Krause, N., Rugulies, R., Maslach, C. (2009). Effort-reward imbalance at work and
self-rated health of Las Vegas hotel room cleaners. American Journal of Industrial
Medicine, 53(4):372-386.

Li, J., Yang, W., Cheng, Y., et al. (2005). Effort-reward imbalance at work and
job dissatisfaction in Chinese healthcare workers: a validation study. International
Archives of Occupational and Environmental Health, 78(3):198-204, doi:10.1007/
s00420-004-0581-7.

Eum, K.D., Li, J., Lee, H.E., et al. (2007). Psychometric properties of the Ko-
rean version of the effort-reward imbalance questionnaire: a study in a petrochem-

ical company. International Archives of Occupational and Environmental Health,
80(8):653-661, doi:10.1007/s00420-007-0174-3.

(©2014 Department of Medical Sociology, Faculty of Medicine, Duesseldorf University, Germany 27



[34]

[35]

[36]

[37]

[38]

References

Buapetch, A., Lagampan, S., Faucett, J., et al. (2008). The Thai version of Effort-
Reward Imbalance Questionnaire (Thai ERIQ): a study of psychometric properties
in garment workers. Journal of occupational health, 50(6):480-491.

Bagaajav, A., Myagmarjav, S., Nanjid, K., et al. (2011). Burnout and Job Stress
among Mongolian Doctors and Nurses. Industrial Health, 49(5):582-588.

Yadegarfar, G., Alinia, T., Hosseini, R., et al. (2013). Psychometric properties of
the Farsi version of effort-reward imbalance questionnaire: a longitudinal study in
employees of a synthetic fibre factory in Iran. International Archives of Occupational
and Environmental Health, 86(2):147-155, do0i:10.1007/s00420-012-0750-z.

Griep, R.H., Rotenberg, L., Vasconcellos, A.G.G., et al. (2009). The psycho-
metric properties of demand-control and effort-reward imbalance scales among

Brazilian nurses. International Archives of Occupational and Environmental Health,
82(10):1163-1172, doi:10.1007/s00420-009-0460-3.

Almadi, T., Cathers, 1., Chow, C.M. (2013). An arabic version of the effort-reward
imbalance questionnaire: translation and validation study. Psychological Reports,
113(1):275-290, doi:10.2466/08.14.PR0.113x1027.

(©2014 Department of Medical Sociology, Faculty of Medicine, Duesseldorf University, Germany 28



	Contents
	1 Introduction: Measurement of the effort-reward imbalance
	2 Construction of scores
	2.1 Long version
	2.1.1 Effort scale
	2.1.2 Reward scale
	2.1.3 Overcommitment scale

	2.2 Short version
	2.2.1 Effort scale
	2.2.2 Reward scale
	2.2.3 Overcommitment scale

	2.3 ER-ratio

	3 Psychometric information
	3.1 Original version
	3.1.1 Scale reliability
	3.1.2 Factorial structure
	3.1.3 Convergent validity
	3.1.4 Discriminant validity
	3.1.5 Criterion validity
	3.1.6 Sensitivity to change over time

	3.2 Short version
	3.2.1 Scale reliability
	3.2.2 Factorial Structure
	3.2.3 Discriminant validity
	3.2.4 Criterion validity


	4 Means of the ER scores from epidemiological studies
	References

