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Abstract 
Objectives: Prevention of job loss is an essential objective of cardiovascular rehabilitation. However, comprehensive and 
economic diagnostic instruments on work limitations are missing. The present study describes development of short form 
questionnaires from 2 domains of the WCIB-Cardio item banks for the assessment of work capacity in cardiovascular 
rehabilitation patients. Materials and Methods: 283 cardiovascular rehabilitation patients were recruited from 14 German 
rehabilitation clinics. Based on the WCIB-Cardio with the domains of cognitive and physical work capacity, we developed 
a short form for both domains. Item selection criteria were content coverage, content appropriateness, internal consistency 
reliability (≥ 0.8). We used correlation of person location scores of the short forms with person location scores of the full 
item banks to examine the extent of measurement precision. Results: For each domain of the WCIB-Cardio a short form 
was developed (cognitive work capacity – 14 items; physical work capacity 7 – items). In both domains psychometric proper-
ties were good (person separation index: cognitive work capacity – 0.80; physical work capacity – 0.80). Correlation mea-
sures of the short form with the full item banks showed a high accordance of person locations for both domains (cognitive 
work capacity: r = 0.97; physical work capacity: r = 0.95). Conclusions: The calibrated instrument WCIB-Cardio provides 
the possibility to develop short form questionnaires with high psychometric quality. These short forms make it possible to 
monitor patient’s work capacity in cardiovascular rehabilitation settings in a more economical way. 
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INTRODUCTION
Maintenance and improvement of work capacity in addi-
tion to physical recovery is one of the prior aims of cardio-
vascular rehabilitation. However, psychometrically sound 
and economical assessment of work capacity is challeng-
ing. Observation of patients in their working environment, 

estimating the fitting of the patient´s work capacities and 
job demands, is viewed as the gold standard for the assess-
ment of work capacity [1,2]. However, in the light of the 
personal and time-consuming procedure of this attempt it 
is hardly applicable in daily clinical practice. 
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METHODS

Sample/Participants
Patients were enrolled in 14 German rehabilitation cen-
ters. The patients with diagnosis of ischaemic heart dis-
eases (ICD10: I20-I25), other forms of heart diseases 
(ICD10: I30-52) or hypertensive diseases (ICD10: I10-
15) were included in the study. Measurements were re-
stricted to cardiac patients as one of the largest groups 
in medical rehabilitation [14]. Patients with acute in-
toxication, dementing syndromes or inappropriate Ger-
man language skills were excluded from the study. Total 
sample consisted of 283 patients, who were gainfully 
employed at the time of data collection. The patients 
gave their informed consent prior to attending the study. 
The included patients were mainly male (81.3%) and 
married (72.1%) with an average age of 53 years. 55.8% 
of the study group had ischemic heart disease, 13.8% 
another heart disease and 17.7% hypertension. 12.4% 
of the patients were diagnosed with 2 different car-
diovascular diseases (I20-25 and I30-52). Majority of 
them were white collar workers (68.9%), followed by 
blue collar workers (19.4%) and self-employed (11%). 
Characteristics of the study sample are presented in 
Table 1. According to the statistical data concerning 
cardiac patients of the German statutory pension insur-
ance scheme (mean age: 52.2; men: 83.84%) [14] and 
high number of participating clinics, this sample can be 
seen as representative.

Instrument
In order to develop short forms for clinical use and re-
search purposes, we used a comprehensive instrument 
(WCIB-Cardio) for evaluation of work capacity. To devel-
op an item bank, first, an item pool – a collection of items 
within the same domain – was needed. By screening exist-
ing literature and collecting items of a certain domain like 
“work capacity”, as well as constructing new items build-
ing of an item pool was accomplished. Having checked the 

Self-reports such as the Work Limitations Questionnaire [3], 
the Work Ability Index [4] and the Angina Related Limita-
tions at Work Questionnaire, [5] are used as a more eco-
nomical way to assess work capacity [6]. On the other hand, 
self-reports are viewed as psychometrically limited [7,8]. 
Most of these self-reports are developed within classical test 
theory (CTT). Two major psychometric restrictions of CTT 
are: dependency of item statistics on the test person sample 
and test dependency on the scores [9]. To overcome these 
psychometric shortcomings one could base development of 
self-report questionnaires on the methods of item response 
theory (IRT) such as the Rasch model [10,11]. 
The IRT provides a model based measurement, which is 
based on the assumption of dependency of a person’s an-
swers (manifest variable) on both the underlying ability 
of the person (latent variable) and difficulty of the spe-
cific item [12]. Advantages of IRT models in contrast to 
CTT include: local stochastic independency and sample 
independency [9]. Another requirement of IRT models 
to make suggestions concerning the level of ability of 
a person to work is the assumption of unidimensionality, 
i.e. that all items assess the same latent dimension, for ex-
ample “work capacity” [10,12].
Although psychometric advantages of the instruments, 
developed in the framework of IRT seem to be promis-
ing, to the best of our knowledge there is no Rasch-based 
instrument for work capacity assessment in cardiovascular 
rehabilitation patients. Hence, we developed the WCIB-
Cardio, which consists of two IRT-based calibrated item 
banks for the assessment of cognitive and physical work 
capacity with 20 respectively 18 items [13]. As a next step, 
the WCIB-Cardio allows the development of a psycho-
metrically sound and economical short form version – 
the WCIB-Cardio-SF. 
The aim of the present study was to develop the WCIB-
Cardio-SF, which will offer an economical way to assess 
and monitor patients´ work capacity in cardiovascular re-
habilitation. 
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items for relevance and calibrating them through proce-
dures as Rasch analysis an item bank was build [15]. The 
WCIB-Cardio consists of 2 item banks for the domains 
of cognitive (CWC: 20 items) and physical work capacity 
(PWC: 18 items). 
Development of each item bank involved an exploratory 
factor analysis and separate Rasch analyses of both do-
mains [13]. The patients were asked to rate their capac-
ity to accomplish certain tasks in the last 4 weeks of their 
work. Response options ranged from “without difficulties” 
to “impossible” on a 5-point Likert-scale. Additionally, 
there was a possibility to choose „not applicable“, in the 
case of activities not present in particular job. The original 
German version of the WCIB-cardio is available on re-
quest from the corresponding author. 
Primary diagnosis, comorbid diseases and physician’s 
evaluation of work capacity were extracted from the medi-
cal records. Socio-demographic variables (i.e. age, family 
status, education) and disease-specific variables (intensity 
of pain and subjective limitations due to illness) were as-
sessed by self-reports of the patients. 

Analyses
The WCIB-Cardio-SF was developed for both domains 
separately. To achieve the best possible composition of 
items a one by one deletion process starting with the full 
item banks was performed. Item selection criteria were: 
item location, item content and satisfactory internal 
consistency reliability. To assure a wide coverage range 
of work capacity, we selected items with a wide location 
range. Furthermore, with regard to content appropriate-
ness we selected items with respect to a broad variety of 
different activities in order to describe the domain of work 
capacity properly. 
To avoid intense loss of reliability we chose a limit of 
the reliability value at ≥ 0.8. To examine measure-
ment precision of the 2 short form versions we calcu-
lated Pearson correlations of the theta values (person 

Table 1. Characteristics of the study population 

Variables Respondents
(%)

Age (years), M±SD (N = 281) 53.0±6.7
Sex (N = 283) 

male 81.3
Family status (N = 283)

unmarried 7.9
in a relationship 8.9
married 72.8
divorced/separated 8.6
widowed 1.8

Occupation (N = 283)
a blue collar worker 19.4
a white collar worker 66.1
a public servant 2.8
a self employed 11.0
other 0.7

Mental comorbidities (N = 283)
0 74.9
1 24.7
2 0.4

Somatic comorbidities (N = 283)
0 14.5
1 32.9
2 26.5
≥ 3 26.1

Education (N = 269)
9 years 34.6
10 years 30.1
> 10 years 34.9
none 0.4

Sick leave days (SD) (N = 277) 35.8
Diagnosis (N = 283)

I10 17.7
I20-25 56.0
I30-52 13.8
I20-25 and I30-52 12.5

M – mean; SD – standard deviation.
I10 – hypertensive diseases.
I20-25– ischaemic heart diseases.
I30-52 – other forms of heart disease.
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from 0.7 to 0.8 can be used for group comparison, values 
above 0.85 can be used for individual testing [18].
Final unidimensionality of items was tested following 
the procedure by Smith (2002) [19]. We divided items 
into 2 groups (items with positive and negative loadings 
of the first factor of the principal component analysis of 
residuals (PCA)) and conducted t-tests. The number of 
significant t-tests should not exceed 5%. In a binomial test, 
a confidence interval for the observed number of signifi-
cant tests was calculated. If this output exceeds the 5% of 
the expected value, the scale is considered to be unidimen-
sional [19].
To monitor test fairness of the single items, existence of 
Differential Item Functioning (DIF) was assessed. DIF 
is a significant deviation observed from the expected re-
sponses across class intervals [21]. If an item shows DIF, 
the given response leads not exclusively to the latent abil-
ity, but to other factors as well [22]. DIF was examined by 
the use of ANOVA of the person item deviation residuals 
with person factors and class intervals as factors [12,23]. We 
conducted DIF analyses for age (under 50/51–60/over 61 
years), gender (male/female), education (none/9 years/10 
years/over 10 years) indication (ICD10: I10; ICD10:  
I20-25; ICD10: I30-52; ICD10: I20-25 and I30-52), inten-
sity of pain (none/mild/strong) and subjective limitations 
due to illness (none/mild/middle/strong). 

RESULTS

Cognitive Work Capacity (CWC-SF)
After reducing the item bank to a short form by deleting 
items one by one, 14 items remained. All category thresh-
olds were ordered. The overall model fit was good with a to-
tal item trait interaction value of p = 0.57; (Chi2 = 39.82; 
total degree of freedom = 42). Mean overall residual fit 
of items was –0.2 (SD = 0.88); mean overall residual fit 
of persons was –0.25 (SD = 0.93). No item showed mis-
fit (residual values ±2.5), or residual correlations > 0.30. 

parameter) of each short form with the full item bank 
using PASW [16]. Person-item distribution graphics 
were used to monitor the concordance of the ability 
range of the sample and the ability range covered by the 
items of the short forms. 
Subsequently, in order to examine model fit for each short 
form, we conducted a separate Rasch analysis for each do-
main, using RUMM2030 [17]. The following procedures 
were previously described in detail elsewhere [13]. For 
better understanding, we briefly mention Rasch quality 
criteria for adequate fitting of the model to the underlying 
data [18,19]. 

Ordered item thresholds
If there is an increase of the trait value for each answer 
category in the 5-point Likert-scale items are called “or-
dered” [18]. If thresholds were disordered, adjacent cat-
egories were merged.

Global and individual fitting of the data 
Global fitting: RUMM2030 provides 2 item-person inter-
action statistics requiring values approximately to 0 as the 
perfect fit with a standard deviation of 1 [18] and an item-
trait interaction statistics. In this case Chi2-values should 
be non-significant, indicating a hierarchical ordering of 
items and persons. 
Individual fitting: RUMM2030 provides Chi2-values and 
residual statistics to test for misfit of items. Residual values 
from –2.5 to 2.5 and Chi2-values > 0.05 are required [20].

Local dependence
Local dependence is defined by linked residuals of 
items [18]. This was proved by examining the residual cor-
relation matrix for linked items with values > 0.30.

Internal consistency reliability 
This value is equivalent to Chronbach’s α [18]. Assessment 
instruments with PSI (person separation index) values 
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an item location range from –1.54 to 1.31, and item thresh-
olds ranging from –2.84 to 3.86 a broad range on the con-
tinuum of cognitive work capacity is described (see Figure 1 
and Table 2). In comparison with item locations of the full 
item bank (–1.57–1.35), almost the full item location range 
could be preserved. Correlation between the full item bank 
and the CWC-SF was very good with a value of r = 0.97.

The remaining items showed a PSI of 0.80. Unidimension-
ality was confirmed with 2.67% of significant t-tests. 
The binomial test showed non-significant p-values which 
supports the assumption of unidimensionality of the scale. 
Due to DIF analyses, no item with DIF could be detected. 
Person-item distribution showed left skewed distribution of 
patients (mean location of persons: –2.28; SD = 1.76). With 

Fig. 1. Person-item location distribution (CWC-SF)

Table 2. Short forms of the cognitive work capacity (CWC) and the physical work capacity (PWC) domains

Item How many times during the past 4 weeks prior to your treatment, 
when you were still working, were you able…

Answer
structure

Fit residual 
of items

Chi2 

(prob)
Location

(SE)
CWC  

A14 to give the same job performance than before your illness 01234 –0.18 0.61 (0.89) –1.50 (0.13)
A16 to deal successfully with new assignments and challenges 01234 –0.87 3.23 (0.36) –0.88 (0.14)
A05 to complete your assignments within your schedule 01233 0.10 0.49 (0.92) –0.23 (0.13)
B12 to apprehend complex assignments 01223 –0.01 0.70 (0.87) –0.38 (0.18)
B19 to work concentrated despite distracting environment 01233 –1.07 5.76 (0.12) –0.77 (0.14)
B28 to adjust your mistakes at work as you used to 01222 –0.20 1.42 (0.70) 1.13 (0.19)
B29 to develop new ideas or solutions at work 01233 –0.19 5.45 (0.14) 0.64 (0.17)
B02 to concentrate on your work 01233 –1.46 4.69 (0.20) 0.40 (0.14)
B04 to work without getting confused 01223 –0.99 2.15 (0.54) –0.05 (0.14)
B17Y to read a longer text attentively 01234 1.38 3.35 (0.34) 1.15 (0.18)
E01 to arrive on schedule at your workplace 01234 –0.36 4.14 (0.25) 1.31 (0.36)
E04 to complete the working hours that are customary for your employment 01111 –0.58 4.50 (0.21) –0.20 (0.25)
E07 to organize your workload 01111 –0.09 1.03 (0.79) 0.93 (0.16)
F07 to know your limits at work 01233 1.77 2.30 (0.51) –1.54 (0.15)
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was –0.35 (SD = 0.84). No item showed misfit (residual 
values: ±2.5), or residual correlations > 0.30. The re-
maining items showed a PSI value of 0.80. Unidimen-
sionality was confirmed with 4.00% significant t-tests. 
The binomial test showed non-significant p-values which 
supports the assumption of unidimensionality of the 
scale. As for the cognitive work capacity domain, no 
item with DIF could be detected. Person-item distribu-
tion showed left skewed distribution of patients (mean 

Physical Work Capacity (PWC-SF)
After excluding items one by one 7 of the original 18 
items remained. One item needed to be rescored (Item 
C11: “…to bend down at work to lift a heavy object 
(e.g. a package with paper, a bucket full of water”)). 
The overall model fit was good with a total item trait 
interaction value of p = 0.5; (Chi2 = 20.23; total degree 
of freedom: 21). Mean overall residual fit of items was 
–0.21 (SD = 0.87); mean overall residual fit of persons 

Item How many times during the past 4 weeks prior to your treatment, 
when you were still working, were you able…

Answer
structure

Fit residual 
of items

Chi2 

(prob)
Location

(SE)
PWC  

C11 to bend down at work to lift a heavy object (e.g. a package with paper, 
a bucket full of water)

01223 –1.22 5.50 (0.14) 0.01 (0.16)

C14 to stretch at work (e.g. to reach things on high shelves) 01122 –1.09 5.1 (0.16) 0 (0.13)
C16 to use tools or instruments (with your hands) at work 01234 –0.49 1.44 (0.70) 2.06 (0.22)
C04 to get to all the rooms and places at your workplace you needed to go to 01122 0.20 3.85 (0.28) 1.18 (0.20)
C07 to endure lopsided physical exposure 01234 0.72 1.30 (0.73) –0.49 (0.15)
C08Z to be upright at work for several hours a day 01234 1.01 2.20 (0.53) –1.51 (0.15)
C28Y to complete an assignment at work that requires lifting your arms above 

the head for a longer time (e.g. for changing a light bulb)
01233 –0.61 0.83 (0.84) –1.24 (0.14)

Prob – probability; SE – standard error.

Table 2. Short forms of the cognitive work capacity (CWC) and the physical work capacity (PWC) domains – cont.

Fig. 2. Person item location distribution (PWC-SF)
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A larger number of items in the cognitive work capac-
ity domain compared to the physical work capacity do-
main might be indicative of a higher complexity of the 
construct of cognitive work capacity. Furthermore, we 
ensured test fairness of the WCIB-Cardio-SF by con-
ducting DIF analyses not only for age and gender, but 
also for the parameters such as: education, indication, 
pain intensity and subjective limitations due to illness. 
For all parameters the WCIB-Cardio-SF proved to be 
free of DIF and thus, can be considered as a test fair 
instrument. 
The WCIB-Cardio-SF is of similar length compared to 
other work capacity measurement instruments such as the 
Work Limitations Questionnaire (WLQ) [3] and the Angi-
na Related Limitations at Work Questionnaire [5]. The 48 
items of the WLQ measure 4 dimensions (time demands, 
physical demands, mental interpersonal demands and out-
put demands) of work capacity, whereas the Angina Relat-
ed Limitations at Work Questionnaire includes 17 specific 
work activities. The WCIB-Cardio-SF with its 2 domains 
of “cognitive” and “physical” work capacity covers similar 
aspects of work capacity. Furthermore, the WCIB-Cardio-
SF has been tested for unidimensionality and thus, allows 
a more psychometrically sound assessment of self-report-
ed work capacity. 
The WCIB-Cardio-SF might be used as a paper-pencil 
version or as a computer based version. The advantageous 
feature of a computer based instrument is the possibility 
to disseminate the results quickly to all the relevant per-
sons in a clinic such as treating physicians or vocational 
counselors. Comparing computer based assessment and 
paper-pencil methods Eisen et al. (2004) found high cor-
relations between these methods, indicating validity of 
computerized testing [24]. A computer based version of 
the WCIB-Cardio-SF would furthermore provide the pos-
sibility to integrate the WCIB-Cardio-SF in a battery of 
computer (adaptive) instruments such as the RehaCAT-
Cardio [25–27].

location of persons: 0–2.55; SD = 2.60). With an item 
range from 0–1.51 to 2.06, and item thresholds ranging 
from 0–4.56 to 3.70 a broad range on the continuum of 
cognitive work capacity is described (see Figure 2 and 
Table 2). In comparison with item locations of the full 
item bank (–1.74–2.22), almost the full item location 
range could be preserved. Correlation between the full 
item bank and the PWC-SF was very good with a value 
of r = 0.95.

DISCUSSION

The aim of the present study was to develop a short 
form questionnaire for work capacity assessment based 
on 2 calibrated item banks. Basing on the WCIB-Cardio 
with its 2 domains of cognitive and physical work capacity 
we were able to develop the WCIB-Cardio-SF with high 
psychometric properties. By choosing a step by step items 
deletion process a high reliability was achieved. Measure-
ment precision was confirmed with very good correlation 
measures between the short form domains of cognitive 
and physical work capacity and the full item banks of both 
domains. 
A diminution of only 0.07 logits (CWC) and 0.39 logits 
(PWC) in item location ranges of the WCIB-Cardio-SF in 
contrast to the full item banks indicates a comprehensive 
work capacity evaluation with a broad content coverage 
in both domains. In the domain of cognitive work capac-
ity, a deletion of 6 items led to developing a final version 
comprising 14 items. 
Further reduction of items was not recommendable with 
regard to substantially declining PSI values. In the domain 
of physical work capacity, a reduction of 11 items to a fi-
nal version with 7 items was possible. By this remarkable 
reduction of 61%, in comparison with the full item bank, 
the WCIB-Cardio-SF provides a highly economical way of 
evaluating physical work capacity, while maintaining psy-
chometric quality. 
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