
Development and Validation of a Health and Work Survey
Based on the Rasch Model among Portuguese Workers

Carla Barros1 

Liliana Cunha2,3 

Pilar Baylina4 

Alexandra Oliveira5 

Álvaro Rocha6

Abstract The purpose of this study was to develop the Health
and Work Survey (INSAT) and examine the validity of the
discomfort rating scale. Data were collected from 706
Portuguese workers from six economic sectors with the sup-
port of the Health andWork Survey (INSAT- Inquérito Saúde
e Trabalho). The INSAT is a self-administered questionnaire
to assessing working conditions, health and wellbeing, and to
provide information to the occupational health systems in the
organisations. For the survey instrument validation, the Rasch
Partial Credit Model (PCM) was used to analyse item fit sta-
tistics. From the application of PCM, Person Separation
Reliability was obtained (0.8761) and the value can be con-
sidered very good (>0.8). From the statistical analysis, the
Overall Model fit information, given by Outfit Mean square/
Infit Mean square, is between 0.5 and 1.5, meaning
BProductive for measurement^ and Bacceptable fit overall^.
The INSAT items can generate predictable response patterns.

We recommend that the INSAT discomfort rating scale and
some other items should be reviewed in future works. In any
event, this tool proves to be useful in assessing the relationship
between work and health and in evaluating key main risk
factors, helping to prevent problems and improving occupa-
tional health systems.
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Introduction

In the past few years, a growing body of systems /instruments
to evaluate occupational health has been observed, with the
main goal to improve working conditions and to promote
health and wellbeing at the workplace. This concern reflects
the idea that if work-related risks are better known, work con-
texts can be managed more effectively and hence improve-
ments in workers’ health and wellbeing can be achieved.

To better evaluate the impact of working conditions on
workers’ health and wellbeing, it is important to analyse a
set of different variables such as work characteristics and con-
ditions, health and safety, work organisation, opportunities for
the development of work, and balance between work and life
outside work, as mentioned by Eurofound [1–3].

In the following sections, the theoretical-methodological
principles of the instrument will be explained and its dimen-
sions described. The structure of the instrument and all vali-
dation procedures are also described. The article ends with an
evaluation of the potential of this instrument in measuring
work and health relations and with some recommendations
for further research.
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Occupational health assessment

Several studies have been completed in the domain of occu-
pational health and work psychology [4–11]. These reinforce
the importance of a complete assessment of all work factors
that interact with health dimensions, including other health
problems caused by working conditions. Some of these lie
beyond officially-recognised occupational diseases.

Efforts to improve health and wellbeing are recognised as a
multi-dimensional phenomenon comprising the interaction of
physical, psychological and social dimensions. It can affect
workers at cognitive and behavioural level as well as in their
physical and psychological health [8, 12–15]. Thus, it is as-
sumed that a health-work study must adopt a person-centred
approach, expressing new and subtle relationships between
health and work. It is important to consider workers’ state-
ments, their perceptions, complaints and feelings. The personal
and interpersonal dimensions of work activity [16] reveal less
visible effects of work on health state (feeling exploited, impos-
sible to express oneself, fear, anxiety, irritability or apathy).
This supports the importance of a more individual-centred per-
spective based on the worker’s subjective experience [16–18].

At this point, it is fundamental to assume a more global,
multidimensional, and integrated approach to occupational
health assessment and recognise the multifactorial status of
health problems [18–26]. The development of an instrument
that meets these requirements has two main goals. The first is
to support research about health and wellbeing at work, pro-
viding evaluation of causes (three dimensions for work con-
ditions: environment and physical constraints; organisational
and relational constraints; and work characteristics) and ef-
fects (three dimensions for health and wellbeing: occupational
disease; health problems; and subjective wellbeing). The sec-
ond goal is to help workers and organisations to develop
diagnoses and to design intervention plans in a work context.

INSAT development

The Inquérito Saúde e Trabalho (INSAT) was developed to
analyse the relationship between work conditions and health
and wellbeing. It consists of a self-administered questionnaire
that allows the identification, description and evaluation of a set
of questions related with work characteristics and conditions,
the individual’s physical and psychological health problems,
and their wellbeing. It also enables analysis of the interactions
between physical, cognitive, organisational and psychosocial
dimensions related with work activity as well as their effects
on physical and social health and psychological wellbeing [27].

The development of this survey had contributions from
different European surveys, such as the SUMER, the
EVREST, and European Working Conditions Survey con-
ducted by Eurofound since 1990 [19, 28] .

The first published version of INSAT was presented in
2007, reviewed in 2010, 2013, and consolidated in 2016,
through several studies developed in different business sectors
in Portugal such as: a) Health and Social Support; (b)
Education; (c) Wholesale and Retail; (d) Manufacturing
Industry; (e) Public Administration and Defence, and (f) other
service activities [27, 29–33].

The INSAT survey was validated by the ethical commis-
sion of the University of Porto and University Fernando
Pessoa since 2015.

Underlying objectives to INSAT application

The following related objectives can be identified: 1) charac-
terise work conditions in different business sectors; 2) Identify
the main risk factors and their interactions; 3) support the
organisations, work physicians, and health and safety techni-
cians in defining risk maps; 4) promote individual and group
awareness related of the effects of work conditions on health
and safety.

Material and methods

Instrument structure and variables

The INSAT focuses on the diverse and variable questions
related to different work situations. It has a logical and inte-
grated structure – from the causes to their effects – to promote
increased worker awareness about the effects of work in health
and wellbeing.

The INSAT includes different sets of questions organised
into seven sections.

First section: The Work. A set of questions focuses on job
description in terms of the nature of work, type of contract,
working hours and shifts.

Second Section: Work Characteristics and Conditions.
Questions about worker exposure conditions are grouped in
three categories: 1 – Physical and Environmental Constraints
such as noise, vibrations, temperature, radiation, biological
and chemical agents, and physical constraints such as repeti-
tive movements, intense physical efforts, painful postures, and
workplace ergonomic issues; 2 – Organisational and
Relational Constraints such as pace of work, autonomy and
initiative, and relational constraints, work relations and rela-
tions with the public; 3 – Work Characteristics. Statements
about my work that lead to a lack of satisfaction (e.g. facing
high demands; being exploited in my work; working condi-
tions that undermine my personal dignity) or pleasure and
personal achievement (e.g. learning new things; my work is
useful to society).



Third Section: Conditions of one’s life outside work.
Questions about conciliation between work and family, time
spent travelling to and from work, and on housework and
childcare.

Fourth Section: Training and Work. Questions about train-
ing hours and contents.

Fifth Section: Health and Work. Questions about work ac-
cidents and occupational diseases; and information provided by
the organisation about professional risks and their prevention.

Sixth Section: My health and my work. A list of common
health problems such us back pain, headaches, respiratory,
heart and vision problems, and musculoskeletal disorders,
among others. If the answer is affirmative, the respondent is
invited to present his perception about the relationship be-
tween the health problem identified and his work. There is
also some information about specific pathologies and medica-
tion consumption.

Seventh Section: My health and wellbeing. A set of ques-
tions about health and wellbeing, using the Portuguese version
of the Nottingham Health Profile (NHP) [31].

This instrument includes 154 items that cover all sections. All
sections present a dichotomous scale (yes or no) and for Work
Characteristics and Conditions (second section) the participants
are also invited to indicate the degree of discomfort for each
situation, using a Likert rating scale 1 to 5, where 1 represents
Babsence of discomfort^ and 5 represents Bmaximum
discomfort^. For example, if the answer to noise exposure is
Byes^, the participant must indicate the level of discomfort that
causes that exposure in an ordinal scale, 1 to 5 (discomfort
scale).

Data collection

Data were collected in several companies using a self-
administered paper and pencil questionnaire, followed by the
researchers’ guidance, and conducted between 2010 and
2014. Participants received all materials consisting of the
INSAT, a covering letter explaining the purpose of the survey,
and the guidelines to complete it. All of the participants gave
their informed consent to participate, and their confidentiality
was guaranteed.

Sample

For the validation process of the INSAT survey a sample with
706 Portuguese workers was selected with the following char-
acterisation: 37% were male and 63% were female; the mean
age was 37.65 years with a standard deviation of 9.05; for the
highest level of education, the levels more commonly reported
were basic education (22%), high education (43%) and grad-
uate (23%).

The sample included workers from six economic sectors:
(a) Health and Social Support (hospital front offices and

pharmacists); (b) Education (high school and university
teachers); (c) Wholesale and Retail (salespeople, store man-
agers and market cashiers); (d) Manufacturing Industry (high-
ly-qualified and technical staff, middle managers, back office
workers, warehouse and logistics workers, and assembly line
workers); (e) Public Administration and Defence (directors,
middle managers, case-workers, human resources technicians,
front and back office workers), and (f) Other service activities
(hairdressers, psychologists). An exclusion criterion was de-
fined for those workers who did not answer a third or more of
the questions.

Statistical analysis

The statistical analysis applied to this survey was divided into
two parts: A descriptive analysis was applied to all sections;
and a validation process using Rasch Partial Credit Model
(PCM) was applied only to section II – Conditions and char-
acteristics of work within the categories: 1 – Physical and
Environmental Constraints; 2 – Organisational and
Relational Constraints; 3 – Work Characteristics.

Using Rasch model for validation

In the first version of INSAT concerns regarding the content
validity were discussed with a multidisciplinary team including
psychology, ergonomics, and medical researchers as well as a
sample of workers from several business sectors. The team also
analysed the format in which the issues were presented and the
rating scales [34, 35]. The collected comments contributed to
the reformulation of some items and the review of some re-
sponse scales to ensure their suitability to participants.

The Rasch Partial Credit Model (PCM) was used to vali-
date the process of the discomfort rating scale. Although ex-
ploratory factor analysis (EFA) and Cronbach’s alpha are the
classical statistical methods used to assess psychometric va-
lidity, these methods have been criticised by several authors as
being insufficient to assess validity in psychological research
instruments [36–38].

The selection of this psychometric validation model is sup-
ported by the following factors: it is a model with a strong
tradition in the field of health [39, 40] and was originally
developed for binary data (most INSAT variables are precisely
dichotomous or ordinal type); the validationmodel is Bsample-

Table 1 Overall model
fit information Items

Outfit MSQ Infit MSQ

N 76

Mean 1.07 1.08

Std 0.43 0.37



free^ (it is not necessary to calibrate the model for each sample
of workers who answered the survey) [41, 50, 51]; it has a

probabilistic and not deterministic character and, therefore, is
consistent with the type of statistical analysis commonly-used
in the treatment of INSAT results (nonparametric and logistic
regression tests) [29–31]; and the Rasch model allows for in-
variance test items, which is of particular importance consider-
ing the cross-cultural use of instruments of this type.

This model specifies that each item has its own rating scale
structure. It is derived from multiple-choice tests where re-
sponses that are incorrect, but indicate some knowledge, are
given partial credit towards a correct response. The amount of
partial correctness varies across items. This is considered by
some authors to be one of the simplest and most useful Item
Response Theory (IRT) models [42, 43].

The PCM was applied to all 76 items from the second
section and the rating scale was Breorganised^ to align with
this application. This section has two types of scales for each
item, a first with a nominal scale for exposure risk factor
(yes / no) followed by an ordinal scale for measuring discom-
fort (e.g., from 1 to 5, where 1 represents the absence of
discomfort and 5 represents the maximum discomfort). To
apply PCM the scales were transformed and codified in only
one scale: 0 – Not exposed and no discomfort; 1 – Exposed
and no discomfort; 2 – Exposed and minor discomfort; 3 –
Exposed and discomfort; 4 – Exposed and quite discomfort; 5
– Exposed and too much discomfort.

Table 2 Item fit statistics for Physical and Environmental Constraints

Category Item Location Outfit MSQ Infit MSQ

Physical and Environmental
Constraints

i1 −0.76 1.08 0.99

i2 −0.15 0.81 0.93

i3 0.13 0.66 0.74

i4 −0.84 0.99 0.99

i5 −0.41 0.94 0.97

i6 −0.11 0.80 0.90

i7 −0.38 0.96 1.00

i8 −0.47 1.01 1.03

i9 −0.14 0.85 0.97

i10 −0.63 1.11 1.09

i11 −0.38 1.04 1.06

i12 −0.58 0.9 0.96

i13 −0.62 0.91 0.97

i14 −0.74 1.09 1.09

i15 −0.70 1.01 1.03

i16 −0.38 1.22 1.22

i17 −0.04 0.85 0.9

i18 −0.32 0.93 0.96

Table 3 Item fit statistics for
organisational and relational
constraints

Category Item Location Outfit
MSQ

Infit
MSQ

Item Location Outfit
MSQ

Infit
MSQ

Organisational and
Relational Constraints

i19 −0.51 1.08 0.98 i41 −0.53 0.91 0.94

i20 −0.44 1.20 1.08 i42 0.23 0.43 0.64

i21 −0.32 1.02 1.05 i43 0.23 0.22 0.56

i22 −0.51 0.97 0.98 i44 −0.42 0.77 0.89

i23 −0.52 0.84 0.85 i45 −0.64 0.8 0.84

i24 −0.05 1.4 0.85 i46 −0.43 0.80 0.90

i25 −0.41 1.07 1.06 i47 −0.53 0.75 0.91

i26 −0.71 0.98 0.99 i48 −0.73 1.06 1.02

i27 −0.11461 1.80 0.97 i49 −0.47 1.25 1.12

i28 −0.63 0.91 0.93 i50 −0.22 1.85 0.97

i29 −0.15 0.93 0.97 i51 −0.70659 0.88 0.98

i30 −0.7 1.04 1.03 i52 −0.05 1.05 0.9

i31 −0.56 0.89 0.92 i53 −0.08 0.85 0.83

i32 −0.64 0.82 0.87 i54 −0.02 0.91 0.85

i33 −0.54 0.94 0.93 i55 1.84 0.43 0.53

i34 −0.06 0.86 0.94 i56 0.42 0.61 1.2

i35 0.07 0.6 0.81 i58 0.40 2.14 2.19

i36 −0.20 0.93 0.95 i59 −0.03 1.35 1.41

i37 −0.16 0.82 0.877 i60 −0.21 1.3 1.35

i38 −0.44 1.008 0.99 i61 −0.48 1.41 1.38

i39 −0.56 0.91 0.967 i62 −0.41 1.71 1.43

i40 −0.01 0.67 0.855 i63 −0.24 1.16 1.24



The software used was R version 3.2.0, with package eRm,
and IBM SPSS statistics, version 22.

Results

Descriptive analysis

Relevant INSAT descriptive results are expressed in terms of
frequency of exposure to different risk factors (for higher fre-
quencies: > 50% in our sample) – environmental risk factors

(e.g. 58.1% for harmful noise and 67.3% for temperature var-
iations – heat/cold), physical constraints (e.g. 62.0% repetitive
gestures, 56.0% for standing up in the same position for a long
period of time, and 58.1% for standing up with displace-
ments), and work intensification constraints (e.g. 52.3% for
high pace of work, 67.7% for standard production or restricted
deadlines, 63.5% for having constantly to adapt to method
changes or work tools, 57.8% for working for long periods
at the computer, 64.4% for frequent interruptions, 69.0% for
hyper-requests, and 65.5% for having to continue working
beyond my assigned timetable).

Rasch Partial Credit Model (PCM)

As previously noted, the PCM was applied to 76 items from
the second section of INSAT (work conditions and character-
istics: environment, physical constraints and work character-
istics). Item 57 (sexual orientation discrimination) was exclud-
ed because all the participants answered 0 (not exposed and no
discomfort).

The Person Separation Reliability obtained was 0.8761 and
the statistical information obtained for the Overall Model fit,
given byOutfitMean square /InfitMean square is presented in
Table 1.

The statistical results of the item fit (an index of whether
items function logically and provide a continuum useful for all
responses) were obtained and presented in Table 2 (Physical
and Environmental Constraints such as noise, vibrations, tem-
perature, radiation, biological and chemical agents, and

Table 4 Item fit statistics for work characteristics

Category Item Location Outfit MSQ Infit MSQ

Work Characteristics i64 0.1 1.00 1.12

i65 −0.11 1.58 1.41

i66 0.44 0.98 0.98

i67 0.3 0.97 1.48

i68 0.22 3.1 3.29

i69 0.1 1.27 1.81

i70 0.05 2.49 1.90

i71 0.02 1.35 1.57

i72 0.25 1.62 1.31

i73 −0.23 0.83 1.10

i74 −0.47 1.04 1.07

i75 −0.73 1.16 1.13

i76 −0.60 1.28 1.16
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Fig. 1 Person-item map for
physical and environmental
constraints



physical constraints such as repetitive movements, intense
physical efforts, painful postures, and workplace ergonomic

issues), Table 3 (Organizational and Relational Constraints
such as pace of work, autonomy and initiative, and relational

Fig. 2 Person-item map for organisational and relational constraints



constraints, work relationships and relations with the public),
and Table 4 (Work Characteristics such as workers’ dissatis-
faction and difficulties - e.g. working to high demands; the
feeling of being exploited; working conditions which dimin-
ish personal dignity, − or pleasure and personal achievement
feelings - e.g. learning new things; being useful to society).

Figures 1, 2 and 3 show the location of item (and threshold)
parameters as well as the distribution of person parameters
along the latent dimension. Person-item maps are useful in
comparing the range and position of the item measure distri-
bution (lower panel) to the range and position of the person
measure distribution (upper panel).

Discussion

The INSAT, by adopting an approach that takes a more fo-
cused perspective on the person and oriented to a subjective
dimension [17, 44] helps to identify new, more discret rela-
tionships between health and work (including those of a psy-
chosocial nature, such as fear, anxiety, irritability or apathy).
In fact, a health and wellbeing orientation places the centre of
the analysis on different dimensions. It is not just the use of
physical and mental dimensions and even the affective dimen-
sion, but a full use of itself [45, 46].

The descriptive analysis revealed a large exposure either to
environmental, physical, organisational or psychosocial risks
in a sample that contemplates six business sectors and differ-
ent professions. This reinforces the importance of INSAT in
assessing the relationship between the work and health of
individuals, and evaluating the main risk factors which can
be used to prevent problems and improve health at work.

From the PCM the Person Separation Reliability obtained,
which indicates the proportion of person variance that is not
due to error, is considered very good (>0.8) (The concept is
similar to Cronbach’s α in definition and value) [47]. The
results obtained for Overall Model Fit, based on the criteria
defined by Linacre, which should be between 0.5 and 1.5 [48],
mean BProductive for measurement^ and Bacceptable fit
overall^. As result, it is expected that these items from the
INSAT Survey generate predictable response patterns.

From the analysis of the Item Fit statistics only a few items
fail to fulfil the same criteria defined by Linacre [48] (bold in
Tables 3 and 4). From the analysis of outfit measure (since the
Infit measure – information weighted fit statistics – is less
sensitive than Outfit measure – outlier sensitive statistics), it
was possible to determine that some items from category
Organisational and Relational Constraints (i27 – Take work
home; i50 - sexual harassment; i58 – Direct contact with the
public; and i62 - Physical aggression from the public)

Persons 

with more 

ability

Persons 

with least 

ability

Items with 

more 

difficulty

Items with 

least 

difficulty

Fig. 3 Person-item map for work
characteristics



(Table 3), as well as some items from the category Work
Characteristics (i65 – monotonous work; i68 – Complex
work; i70 – lack of career evolution; and i72 – lack of re-
sources to do my work) (Table 4), under fit the data, meaning
that they contain unusual and /or inappropriate response pat-
terns [42, 49]. All of these items, which reveal inappropriate
wording (that means not completely understood by the partic-
ipants), will be rewritten or further clarified to make them
more obvious and easier to understand.

Some items from the category Organisational and
Relational Constraints (i42 – no help from colleagues; i43 -
rare exchange experiences; and i55 – nationality discrimina-
tion) over fit the data, which means small variations in the
response pattern suggest redundant items (Table 3) [42, 49].
Independently of the statistical results, these items will be
maintained due to their importance in the occupational health
evaluation, namely inasmuch as they concern psychosocial
risks.

From Figs. 1, 2, and 3 it is possible to observe that the
distribution of a person’s ability is well shaped, with the mode
located on the Bmore ability^ range to deal with discomfort.
Regarding the item map, all of them are in the middle of the
Bdiscomfort^ range, meaning they are not too high disturb /
too low disturb impact factor.

Conclusions

The statistical results obtained using PCM for INSAT valida-
tion reveal generally very good results. From the statistical
analysis the Overall Model fit information, given by Outfit
Mean square /Infit Mean square, it is possible to conclude
that most of the items can generate predictable response pat-
terns. However, some of them did not fulfil the referred-to
criteria and must be analysed more carefully to ensure the
improvement of the instrument in the next INSAT revision.
The improvement of INSAT rating scale for the Work
Characteristics and Conditions items (second section) is also
important, and the transformed scale used in this work is a
good suggestion.

These results corroborate the idea that INSAT is a valid
multidimensional evaluation instrument, considering the fact
that it integrates the analysis of different risk factors with good
predictive indicators. In fact, the complexity that characterizes
the relationship between health and work requires the under-
standing of a set of factors that interact with each other, and at
different levels of functioning.

As such, the integration of a diverse set of issues related
with work context (even those that appeal to a more subjective
dimension of work activity analysis) is one of the central con-
cerns of this instrument and an anchor point of the methodo-
logical approach proposed.

Due to the complexity that characterizes the relationship
between health and work an instrument such as INSAT, which
integrates a set of factors that interact with each other and at
different levels of functioning, is fundamental for a compre-
hensive and multifaceted approach to the evaluation of health
and work, and in promoting more effective interventions in
occupational health issues.
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