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Abstract
Objectives The main aim of this study was to examine the measurement invariance of the
Work Organisation Assessment Questionnaire (WOAQ) across genders in a group of
healthcare employees, using bifactor modelling. There is a very limited research that uses
invariance testing of bifactor models, despite their usefulness. Establishing validity of the
WOAQ in this way is important for demonstrating its relevance for both males and females.
Methods A bifactor modelling procedure was used here to examine the validity of the
WOAQ with a sample of 946 paramedics employed in a large Australian organization in the
healthcare sector.
Results The results of this study show that the WOAQ has good psychometric properties
across genders in healthcare settings. In addition, there were significant mean differences
between males and females in their perceptions of ‘quality of relationships with colleagues’,
and ‘reward and recognition’. There were no differences between males and females on the
remaining factors: ‘quality of relationships with the management’, ‘quality of relationships
with colleagues’, and ‘quality of the physical environment’.
Conclusions The use of bifactor modelling to establish the cross-validity of the WOAQ
across male and female paramedics adds to evidence for the measure’s good psychometric
properties. The findings add to those of previous research that has used higher order
Confirmatory Factor Analysis (CFA). Moreover, mean differences between males and
females were found to be significant in two of the five WOAQ subscales. These findings
have practical implications for healthcare organizations, in terms of assessing work
characteristics and developing activities to support the health and well-being of their
employees.
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Cross-validation of the Work Organization Assessment Questionnaire across genders:
A study in the Australian Healthcare Sector
As the importance of work for employee health and well-being and the impact of
employee health and well-being for the productivity of business organizations are
increasingly being recognised, a better understanding of the relevant work characteristics has
developed. Correspondingly, a number of instruments to assess work characteristics are
currently available. Amongst these is the Work Organization Assessment Questionnaire
(WOAQ), which offers a concise, reliable, and actionable solution for assessing psychosocial
aspects of work and developing interventions to address these [1]. This study builds on
existing on the psychometric properties of the WOAQ using bifactor modelling to establish
the cross-validity of the measure in a sample of male and female paramedics.
The ability to reliably assess individuals’ experience of work characteristics is
especially important in high-risk sectors and occupations such as nursing. The nursing
profession is especially prone to work-related ill-health [3-5]. A substantial body of evidence
demonstrates the contribution of psychosocial working conditions to these issues [e.g., 6-7].
Accurate identification of the factors that can impact on health outcomes can inform the
development of targeted interventions [1-2]. A key challenge is therefore to develop
appropriate measurement tools that can accurately identify the most salient factors.
The WOAQ was initially developed as a sector-specific measure to help
organizations in the manufacturing sector to identify the factors related to the design and
management of work and to measure the impact of these factors on employee health and
well-being [1]. The measure consists of 28 items that describe five aspects of work: ‘quality
of relationships with the management’, ‘reward and recognition’, ‘workload issues’, ‘quality
of relationships with colleagues’, and ‘quality of the physical environment’ [1]. A key
requirement for measures that aim to assess suboptimal work characteristics is that they are
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relatively short but also comprehensive, that are easy to interpret by non-experts, and that
provide sufficient feedback to employers to inform the development of action plans. The
WOAQ meets these requirements: it has excellent reliability and validity properties and been
used with a range of occupations in several countries [9]. For example, the WOAQ subscales
have predicted well-being, subjective health, and job satisfaction [1], self-rated performance
[2], as well as presenteeism, absenteeism, and turnover intentions [8].
Although originally developed for the manufacturing sector, the WOAQ has been
validated and applied in a number of sectors, occupations, and workplace environments. For
example, it has been utilised successfully in health care [9-11], the public sector [28,8] and
the financial sector [9]. Translated in Italian and validated against the GHQ12 and the Job
Demands-Control model, it maintains its original characteristics [9]. The original study
included manual, managerial, and office jobs in manufacturing and the WOAQ has proven to
be broad enough to cover the core work characteristics covered, regardless of type of job or
occupational sector. Although research has examined the WOAQ in a range of sectors and
occupations, it has not yet examined its validity across genders.
Any workplace intervention for health and well-being should be beneficial for both
males and females. ‘Gender mainstreaming’, or a gender-sensitive approach to workplace
health, has been recognised as important by the European Commission in its community
safety and health strategy 2002-06 [34]. Both groups of employees can better benefit from
interventions if these are developed on the basis of a gender-sensitive approach. This starts
from recognising possible gender differences in the work experience. Therefore, in
recognition of the importance of a gender-sensitive approach to assessing work
characteristics, this study will to examine whether males and females experience work
characteristics differently, and in this way validate the WOAQ across males and females.
Next we provide more detail on cross-validation and bifactor modelling.
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A bifactor model of the WOAQ
In a bifactor model (also referred to as direct hierarchical order modelling) all latent
factors are modelled using first-order models that are nested within a general factor [12-14].
Despite its useability, bifactor modelling is not commonly applied in research [12, 15]. Using
bifactor modelling to examine the validity of a widely-used measure such as the WOAQ is
appropriate for two reasons. First, having a broad or macro-level assessment (using a general
factor) would help to provide a solution for the whole organisation, while by assessing
working conditions at a narrower or micro-level (using sub-factors) would have practical
implications for the improvement of specific problematic areas. Thus, evaluating the
plausibility of sub-factors is especially important for practice. Second, despite the appeal of
the WOAQ for research and practice in non-manufacturing settings, establishing its latent
structure is still ongoing, as highlighted in recent studies [2]. Therefore, a bifactor model will
be used to provide further evidence on the validity of the WOAQ.
Cross validity of bifactor model of WOAQ across genders
An important aspect of a measure’s psychometric properties is whether the measure
fits well in different groups of target individuals or populations, i.e., its cross validity. Model
invariance can be tested for two or more distinct samples using CFA. If the model fits well in
all the samples then it is acceptable and valid across the corresponding populations. There are
several procedures for evaluating cross-validity in CFA models, each relating to a hypothesis
for a different set of key population parameters [16-20]. In this study, invariance testing will
be conducted on a bifactor model of the WOAQ at both parameter and construct levels,
building on recommendations for good practice [16, 17-20, 23, 25, 28].
In order to assess the validity and the cross-validity of the WOAQ, three types of
analysis will be carried out across gender for the bifactor model WOAQ with its five nested
factors. First, the validity of the bifactor model of WOAQ will be independently tested for
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male and female paramedics. Next, invariance testing for the measures will be carried out.
Finally, if the model shows satisfactory invariance of the measures, the construct means will
be tested for invariance.
Method
Data collection and participants
Data was originally collected from a large Australian health organisation employing
paramedics. The study design was cross-sectional. An online self-report questionnaire was
used to collect the data. In total, 979 responses were received from the paramedics. Of those,
33 were volunteer paramedics who were excluded from the final dataset. The final sample
consisted of n=X males and n=Y females (N=946). Human Research Ethics Committee
approval for the study was originally obtained from the leading university.
Measure
The Work Organisation Assessment Questionnaire (WOAQ) [1] was used in this
study. WOAQ consists of 28-items with a five-factor structure. The five-factor structure of
the scale includes: workload issues, reward and recognition, quality of relationships with
management, relationships with colleagues, and physical environment. Participants are asked
to rate their experience with a number of aspects of work, on a 5-point Likert type scale (from
1=major problem to 5-very good).
Data analysis
A multisample bifactor model of confirmatory factor analysis (CFA) was conducted
using EQS (version 6.2) to assess the cross validity of the WOAQ across male and female
paramedics. At the first step, the baseline bifactor model (a nested construct where each item
loads on a general construct and its nested construct) was tested separately for males and
females. At the second step the cross validity of the WOAQ was assessed using invariance
testing across genders.
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An important factor that was considered in choosing the suitable fit indices was the
degree of penalty included for model complexity (please see Karimi & Meyer, 2014 for full
details). The fit indices reported in this study are the root mean square error of approximation
(RMSEA), the Tucker-Lewis Index (TLI) or Non-normed fit index (NNFI), and the Akaike
Information Criterion (AIC). RMSEA values lower than .08 and .05 [29] and NNFI values of
greater than 0.90 and 0.95 [30] were considered as marginal and good fit, respectively. The
model comparisons were performed based on changes in NNFI. NNFI differences of ≥.010
indicate significant model improvement [24]. The Akaike Information Criterion (AIC) is a
comparative measure of fit. Smaller values of AIC demonstrate a superior model fit. The AIC
increases of >10 indicate a significant deterioration in model fit [31-33]. In addition, the SB
chi-square goodness of fit test and Comparative Fit Index (CFI) were also reported, being
conventional and commonly used measures of fit in the literature.
Results
The demographics for the whole sample and separately for the male and female
subsamples are presented in Table 1.
< insert Table 1 here>
At the first step, a baseline model (see Figure 1) was evaluated separately for both
male and female samples. The results in Table 2 show adequate model fit for the baseline
bifactor model for males (RMSEA =0.04, NNFI=0.94) and females (RMSEA =0.05,
NNFI=0.92).
<insert Table 2 and Figure 1 here>
Model 1: Configural model with no constraints. At the next step, a configural bifactor
model was fitted for each group of male and female groups simultaneously to determine if the
model is appropriate across gender when there are no constraints. The configural model
showed good model fit across gender (RMSEA=0.03, NNFI=0.97; see Table 3).
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Model 2: Invariant loadings. After constraining the loadings to be equal for males and
females, the results still showed good fit (RMSEA=0.03, NNFI=0.96). To test for evidence of
invariance, the differences between the NNFI and AIC of Model 2 and Model 1 were
considered. These suggested no significant deterioration in model fit for constrained loadings
compared to the configural model of males and females (unconstrained loadings) in the case
of NNFI in Table 3) but there was increase of >10 in the AIC.
As previously explained, reaching full invariance for all the parameters, or even the
most important ones, is very rare in most models (e.g., Byrne, Shavelson & Muthen, 1989). A
decision was therefore made to proceed to the next stage of the invariance analysis
considering the differences in construct means for males and females.
<insert Table 3 here>
Group Differences for Construct Mean. The differences of the general factor of
WOAQ and the nested five factor means for male employees were examined with the female
group means selected as the baseline. The construct means for females were set to zero while
the construct means for males were estimated on the basis of the mean differences between
groups for the constructs.
After setting equality constraints on loadings and intercepts for the measured
variables, with factor intercepts of zero for female employees, the results showed an adequate
fit to the model (RMSEA=0.05, NNFI=0.917). The mean differences between the male and
female groups were significant on two of the nested constructs (‘quality of support from
colleagues’ and ‘reward and recognition’) and also for the general factor of the WOAQ. The
results indicated that the mean scores on these two nested constructs and the general factor of
WOAQ were significantly higher for male than for female paramedics.
Discussion
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The results of this study indicate that the WOAQ is a valid measurement tool to use
with both male and female paramedics. Unlike previous studies that have used conventional
second-order modelling using CFA, a bifactor model of WOAQ was cross-validated in this
study. The results indicated that a bifactor model not only presents a good fit but also
highlights the importance of the subscales relative to a single general factor in this setting.
The results demonstrate good validity for the WOAQ across genders.
In addition, the mean differences between males and females were found to be
significant. The scores on two of the five nested subfactors and the general WOAQ factor.
These were significantly higher for male employees compared to female employees,
demonstrating that male paramedics are happier with the quality of relationships with their
colleagues, with rewards and recognition, and with the general quality of working conditions
as assessed by the WOAQ than female paramedics in this organisation.
The results have important implications in practice, and specifically in relation to
assessing the psychosocial issues that can contribute to paramedics’ workplace health and
well-being and developing targeted interventions for different groups of employees. As
mentioned, the WOAQ was originally developed for use in the manufacturing sector,
validated with a number of jobs within this sector, and proven to be useful in a number of
other occupational sectors including health organisations [11]. This study offers additional
evidence for its potential for accurately assessing working conditions and from this
assessment developing targeted interventions for different groups of employees.
In conclusion, this study adds to the evidence supporting the use of the WOAQ for
both research and practice in a range of settings. It offers a good coverage of work
characteristics relevance to a range of jobs and sectors and demonstrates the need to be
sensitive to possible qualitative differences in perceptions by different groups of employees.
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Future research should continue to examine the WOAQ with other occupational groups and
sectors, preferably using bifactor modelling.
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Figure 1. The proposed baseline bifactor model of WOAQ
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