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ABSTRACT: An understanding of the factors that can have influence on risk acceptance may provide
relevant support to an effective guideline that helps in the acceptance criteria formulation. Therefore, this
study aims to develop and to validate a tool to analyze risk acceptance in Portuguese furniture industries.
Workers judgments about risk acceptance were analyzed together with five individual variables: trust,
risk perception, benefit perception, emotions and, ethic, moral and values. The first part of the tool inte-
grated demographic questions. The second part included items to measure the variables in analysis. The
validation was performed first in a pilot test with 29 workers, and the validity and reliability analysis with
a sample of 219 workers. Four factors were identified: emotions, benefits perceptions, acceptance/trust
and risk. Also the items interrelations with factors were verified. Some differences among companies were

confirmed, showing they realize risk acceptance in a different way.

1 INTRODUCTION

For a successful risk management strategy it is
essential to place the risk at an acceptable level.
However, in occupational environments, risk
decision-making is a challenging issue, since there
are several factors that can influence the risk accept-
ance process. The knowledge of what is the risk
level that stakeholders consider to be acceptable, as
well as, an understanding of the what factors that
can have influence on risk acceptance, may provide
relevant insights to helps in the acceptance crite-
ria definition. Furthermore, the knowledge about
how people think about risk and how they respond
to risk can be useful to anticipate and understand
the responses to hazards like safety behaviors,
and to improve the design of a strategy to reduce
risks and the communication of risk information
(Slovic, 1987; Huijts et al., 2012).
Notwithstanding the importance of this issue,
researches about risk acceptance relating to occu-
pational risks were not found. It is only possible to
find some works focused on risk perception (see
e.g., Arezes & Miguel, 2008), however without

considering the risk acceptance and the way that it
is related with other variables.

For other side, several studies have been con-
ducted over the years in order to analyze the accept-
ance and acceptability of an activity or technology
within society and the factors that can have influ-
ence on it. These studies gave us insights about how
people form their opinion towards public risks and
the key factors that can have influence on it. These
researches show that risk perception, risk benefit
and trust, play an important role on risk acceptance
(see e.g., Siegrist, 1999; Siegrist, 2000; Siegrist et al.,
2000; Siegrist et al., 2005; Bronfman et al. 2008;
Bronfman et al., 2009; Ji et al., 2011; Bronfman
et al., 2012; Huang et al., 2013). These studies pro-
vide strong insights to public risk acceptance and
have showed that lack of public support in relation
to a technology or activity can reduce its viability
and that the risk acceptance is an important predic-
tor of risk behaviors (see e.g., Huijts et al., 2012).
However, other factors can also have influence on
risk acceptance, as emotions and ethical questions,
moral judgments and values (see e.g., Slovic &
Weber, 2002; Roeser, 2006; Huijts et al., 2012).
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In accordance with the above discussion, this
study aims to develop and to validate a tool to
analyze risk acceptance in Portuguese furniture
industries.

2 METHODOLOGY

2.1 Sample

This study was developed in 6 furniture companies,
all located at the north of Portugal. The analyzed
companies were considered Small and Medium
Sized Enterprises (SMEs). The companies com-
prised a total of 274 workers, of which 219 par-
ticipated on the study. Most of participants were
males (85.6%), and the average age was 39.20 years
old (SD =10.13; interval range 19-60 years old). In
general, workers have been with the companies in
average for 10.26 years (SD = 6.66; interval range
1-30 years) and exert such activity on average for
17.22 (SD = 11.83; interval range 1-48 years).

2.2 Instrument

Workers judgments about risk acceptance were
measured together with five individual variables
through a questionnaire: trust, risk perception,
benefit perception, emotions, and finally, ethical
questions, moral judgments and values.

The questionnaire began with an introduc-
tory text, describing the aim of the question-
naire and the problematic of risk acceptance.
After that, a group of questions for the respond-
ents’ characterizations was included: age, gender,
department/sector, professional activity, number
of years working at the company, number of years
at the mentioned professional activity, and previ-
ous involvement in work accidents (for a positive
answer, its identification was required). Then fol-
lowed a set of questions to measure the variables in
analysis. The questions included items, which were
measured on a 5-point Likert scales, based on pre-
vious researches in different areas (Siegrist, 2000;
Tharaldsen et al., 2010; Bronfman et al., 2012).
The scales utilized are presented in Table 1.

Trust was measure at different levels, i.e., the
workers’ trust in: management decisions on risk
control, the actuation of OHS professionals on
risk control, the supervisor actuation to enforcing
the rules and safety procedures and, co-workers to
compliance with rules and safety procedures.

Respondents were also asked in relation to
ethic, moral and values. Considering that ethics
is the application of morality and morality refers
to the values that are subscribed to and fostered
by individuals (Goetsch, 2011), three values were
measured in order to analyze these issues, equity,
equality and justice. Equity was analyzed by con-

Table 1. Scales used to measure the different factors.
Variable Scale endpoints
Acceptability 1 = Unacceptable 5= Acceptable
Trust I =No trustatall 5=High trust
Risk perception 1 =Not risky at all 5= Very risky
Benefit 1 = Not beneficial 5= Very
perception at all beneficial
Ethical, moral 1 = Strongly S = Strongly
and values disagree agree
Emotions 1 = Not worried 5 = Very worried
at all

cerns related with need to exist a limit above which
no individual be exposed. Equality was related
with the need of the same upper risk threshold be
applied to all enterprises of the sector. At last, jus-
tice considered that is not fair a worker be exposed
to a very high risk, regardless of the benefits.

The questions on risk acceptance, risk per-
ceptions and emotions were based on scenarios
included on the different items. These scenarios
were constructed based on national accident sta-
tistics for the year of 2008 for the wood and mat-
tresses manufacturing (CAE 31091) supplied by
Portuguese Office of Strategy and Planning (GEP)
for this study, and on the companies’ safety condi-
tions analysis. The statistics provided by GEP were
grouped according to Eurostat (2012) classifica-
tion, including accident frequencies and number
of days lost. Accordingly, the two more frequent
mode of injury were “Contact with sharp, pointed,
rough, coarse material agent” and “Physical or
mental stress”. For each of this injury type, the
more frequent situation and the worst situation
were selected. The scenarios were constructed
based on these frequencies and correspondents
days lost (considering the upper limit), where this
last one was used as a measure of the severity. For
the most frequent accidents it was also created a
scenario referred to the days lost lower limit pro-
vided. In order to facilitate the respondents’ judg-
ment, the scenario for each mode of injury was
based on the most frequent risk identified in the
companies analyzed (cut with a saw and a mus-
culoskeletal disorder). After, new scenarios were
created in order to analyze which variable mostly
affect risk acceptance, i.e., frequency or severity.
For both situations, more frequent and worst, the
risk level was determined, considering the days
lost upper limit. Then, keeping the same risk level,
the values of frequency and severity were reversed
to the opposite scenario. Finally, it was created a
mid scenario, keeping the frequency but changing
gravity to 6 months of absence. It was also cre-
ated a scenario corresponding to a death in a year.
Despite in 2008 no death accident occurred in this
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sub-sector, according GEP data supplied, in 2006
and in 2007 one fatal accident occurred. This sce-
nario was related with a saw projection.

In order to analyze benefits perceptions two
questions, each one with three items, were included.
The first was referred with benefits for employer
and the second to the employees, related with the
exposure to the situations presented. The situations
were related to risk factor associated with the most
frequent risks in the sector: “Operate with saws
without protection”, “Perform repetitive tasks for
long periods” and “Perform tasks of manual han-
dling of loads”.

The questionnaire was delivered to five OSH
experts, who were requested to review, examine
and test it. Some improvements were suggested and
taken into account in the final version. The scales
were also tested in a pilot survey, conducted on a
sample of 29 workers from one randomly selected
company, in order to detect any possible weak
points, and to get feedback about the intelligibility
and unambiguousness of items. Respondents were
encouraged to make any comments about ques-
tions and items. Some improvements were carried
out on the language of the scenarios.

2.3 Procedures

The final version was applied to all workers of the
6 furniture companies in analysis. Researchers dis-
tributed personally the questionnaires and encour-
aged all workers to participate with the help of the
top management. Questionnaires were completed
during working hours or, in some companies, at the
end of the work shift, in the company or at home.

3 RESULTS AND DISCUSSION

Studies about risk acceptance or risk acceptability
apply different approaches in order to analyze the
adequacy of the measure instruments. Some stud-
ies only tested and validated the measure instru-
ment base on a reduced sample, before applying
to all sample, in order to analyze features related
with the language used and unambiguousness (see
e.g., Bronfman et al., 2009). Others studies ana-
lyzed the reliability of each latent variable (see e.g.,
Bronfman et al., 2012), and finally, some studies
have opted to apply a two-step process, where and
before the validity of the model, a Confirmatory
Factor Analysis (CFA) of each latent variable was
performed (see e.g., Siegrist, 1999). These differ-
ences on the approaches were also found in studies
on other areas (see e.g., Lee et al., 2009; Hassan &
Abdel-Aty, 2011; Hallak et al., 2012).

Face to this, in this study three-step approach
was applied to evaluate the questionnaire validity,

reliability and feasibility. First, a pre-study was
performed to a group of 29 effective workers. Some
improvements were performed, and the instrument
applied to all sample. After that, an Exploratory
Factor Analysis (EFA) was done to determine the
construct validity of the questionnaire (Pestana &
Gageiro, 2008). Finally, a reliability analysis of the
instrument was performed, was well as, an analysis
of the differences among companies.

3.1 Outliers and missing analysis

All cases with missing values were analyzed. It was
verified a low number of missing values, being
decided to replace the missing values with the
mean, in order to perform the analyses using a
sample without any estimation of missing values.
This is in accordance with Acuna & Rodriguez
(2004), where the author concluded that in data-
sets with a small number of missing values there is
not much difference between case deletion and the
use of imputation methods, as replace with mean.
After the missing values analysis, the outliers
were identified by the standardized residuals anal-
ysis. All outliers’ cases were removed from the sam-
ple. Ten cases were removed from the sample. The
magnitude of the final sample was 209 subjects.

3.2 Exploratory factor analysis

With the assumption of all items were uncorre-
lated with each other, an exploratory factor using
Varimax rotation was done to analyze the interre-
lationships among the items and to identify groups
or clusters of variables (factors).

In a first analysis eleven factors were identified
based on the eigenvalues values (Kaiser’ criterions:
eigenvalues greater than 1), accounting for 77.8%
of the cumulative variability explained by each fac-
tor solution. However, and based on our theoretical
presuppositions and experience, six factors could
be defined, i.e., acceptance, risk perception, benefit
perception, trust, emotions and ethical factors.

Forcing six factors, the communalities values
for all ethical items and one trust item (trust in
co-workers to compliance with rules and safety
procedures) were very low (<0.35). This indicates
that these items present a low relation with other
factors, being removed from the analysis. Accord-
ingly, a new EFA was performed for five factors.
However, the analysis of the loadings suggests
that trust and acceptance are related, so they can
be considered as one factor. Faced to this scenario
the final exploratory factor analysis was performed
with four factors, with 55.95% of explained vari-
ability (Table 2).

KMO statistics was used to measure the sam-
pling adequacy. Results showed a KMO statistics
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Table 2. Component matrix after Varimax rotation

and % of variance.

Component
Ttems 1 2 3 4
T1 —-0.456 0.472
T2 —-0.340 0.482
T3 0.548
Al -0.663
A2 -0.582 0.386
A3 -0.502 0.661
A4 -0.313 0.664
AS 0.755
A6 0.733
A7
A8 -0.410 -0.516
A9 0.548
Al10 0.654 -0.319
All 0.306 0.604
Al2 0.644
Al3 -0.427
BE1 0.526
BE2 0.700
BE3 0.779
BOl1 0.547
BO2 0.691 -0.301
BO3 0.761
R1 0.690 0.391
R2 0.552 0.561
R3 0.310 0.686
R4 0.728
RS —-0.315 —0.365 0.634
R6 -0.393 0.479
R7 0.312 0.505
R8 0.389 0.678
R9 0.742
R10 —-0.409 0.680
R11 —-0.495 -0.427 0.510
R12 0.344  -0.301 0.330
R13 0.605
El 0.672 0.481
E2 0.719 0.488
E3 0.839
E4 0.828 —0.348
ES 0.773 —-0.384
E6 0.632 -0.418
E7 0.668
E8 0.724
E9 0.888
E10 0.852
Ell 0.755 -0.304
El12 0.348 0.485
El13 0.480 0.398
% of Variance  25.93 11.81 9.49 8.62

equal to 0.81. According to Field (2009), this value
is “great”. Therefore, the analysis is executable.
Bartlett’s test of sphericity was used to access the
variables correlation. According to the Bartlett’s
test results the correlations between items were suf-
ficiently large for the principal component analysis
[X?(1128)=10451.113, p <0.001]. So, the variables
are significantly correlated and consequently fac-
torial analyst is adequately (Field, 2009).

The Table 2 presents the factors loadings after
Varimax rotation and the % of the total variance
explained by each factor. The relationship of each
item to the underlying factor is expressed by the
factor loading. Therefore, to identify the validity
of the construct all loading values were analyzed.
According Hair et al., (1998) recommendations, a
factor loading of +0.3 means the item is of mini-
mal significance, £0.4 indicates it is more impor-
tant, and +0.5 indicates the factor is significant.
However, the Steven’s Guideline is one of the more
frequent orientations to the factor loadings analy-
sis. According the author, the significance of the
factor loading will depend on the sample size, so,
for a sample of 200 it should be greater than 0.364
(Field, 2009). However, according Field (2009) it
is common the researchers to consider loadings
above 0.3 as important.

According Table 2, the factorial analysis grouped
the factors in an expected way: Factor 1 is related
to emotions and explained 25.93% of the total vari-
ance; Factor 2 associated with benefits perceptions
and explained 11.81% of the total variance; Factor
3 with acceptance/trust explained 9.49% of the total
variance and, finally, Factor 4 related to risk per-
ception and explained 8.62% of the total variance
(the items included in each factor are identified as
bold). It is highlighted that some items indicating
a contribution to more than one factor. Some of
then presents higher loadings value in other fac-
tor than the expected: E12, A2 and R1. In these
cases was decided to force these items belong to the
expected factor (e.g., E12 belong to the factor emo-
tions and not benefit perception). Other items, as
Al, A8 and A13 that was expected belong to Fac-
tor 3 are dived in Factor 2 and 4, that is, these items
are largely explained by benefit perception and risk
perception. This can be related with type of risk
acceptance scenarios created, where the scenarios
with low risk are more explained by benefits per-
ceived and the higher risk scenario, related with
dead (A13), more explained by the risk perceived.
Finally, the item A7 is not related to any of the con-
sidered factor, being excluded from the analysis.

3.3 Reliability analysis

A questionnaire must be not only valid, but also
reliable. The reliability refers to the ability of a
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Table 3. Reliability analysis.

Factor Alpha of Cronbach
Emotions 0.93

Benefit Perception 0.78
Acceptability/Trust 0.90

Risk Perception 0.79

measure to be consistent, i.e., to be considered
reliable (Marroco & Garcia-Marques, 2006). The
Cronbach’s alpha is the most common measure
of scale reliability (Field, 2009). Therefore, it was
applied to evaluate the internal consistency of the
latent factors. In general, values of 0.70 are recom-
mended as the minimum level of Cronbach’s alpha
(Kline, 1993).

Accordingly the results presented on Table 3,
the reliability of the factors emotions and accept-
ance/trust is very good (o > 0.90) and the benefit
perception and risk perception reliability is consid-
ered sufficient (< 0.70 o < 0.80).

3.4 Differences among companies

The design of the questionnaire was also con-
structed in order to allow the identification of pos-
sible differences between companies, since it was
supposed that risk acceptance varies in accordance
to companies’ safety climate.

Differences between the companies were
observed as expected of all items included in the
four factors analyzed (K(5) >10, p < 0.05 for all
items), excepted for the items A12, R9, E6, E7 and
E8 (K(5)<10, p > 0.05 for all items). These results
are important for future analysis, where the safety
climate of the companies in a higher sample and
the risk acceptance levels will be analyzed (this
analysis is not the scope of this study).

4 CONCLUSIONS

This work presents the development of a tool to
analyze risk acceptance in Portuguese furniture
industries and its validation.

The Exploratory Factor Analysis divided the
considered 47 items in four factors: emotions,
benefits perceptions, acceptance/trust and risk.
These factors are in accordance with the theoreti-
cal presuppositions and experience. The values of
the Cronbach’ alpha show that the reliability of the
variables was good. The validity and reliability of
the instrument it was confirmed, after the removal
of some items that not demonstrated relation with
the factors.

However, some of the items were included in
factors different from the expected. However, due

to its high factor loading they were not eliminated.
For example, EFA associates the item A13 to the
risk perception factor and not to the risk accept-
ance. This situation can be related to the higher risk
level scenario created that was related with dead.
So, for a dead scenario, workers fail to distinguish
these two concepts. One item, A7, not related to
any of the considered factor, was dropped from the
analysis.

The analysis of the questionnaire results shows
that exist significant differences among companies
in relation to the most of the items, which will be
important in a future analysis of the influence of
companies’ safety climate into risk acceptance. This
indicates that the companies see the risk acceptance
in a different way, situation that can have influence
in safety performance and risk decisions.
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