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Abstract: This study aims to assess workers’ perception of occupational and environmental risks
and hazards using the psychometric paradigm. For this purpose, data were collected using survey
questionnaires from 360 mineworkers recruited from mineral and sand mines. Respondents were
asked to evaluate eight occupational and environmental risks and hazards on nine commonly used
risk characteristics. The principal component analysis revealed that two components, “Dreaded” and
“Unknown”, explained 73% percent of the total variance in workers’ risk perception. The results
also showed that the risk of developing an occupational disease was perceived as the most dreaded
and unknown type of risk, while landslide, occupational noise, and vibration exposure were the
least familiar to the respondents. A practical implication of this research is that the results may offer
an insight into the employees’ perceptions of the hazards and risks associated with their working
environment. This could help risk management develop and implement effective risk management
and communications strategies.

Keywords: risk perceptions; safety and health; safety culture; psychometric paradigm; risk
communication; occupational and environmental risks

1. Introduction

Working in the mining and quarrying sector is often considered one of the most
dangerous occupations [1,2]. The International Labour Organization states that worldwide,
more than two million fatal accidents occur annually; 8% are mining-related accidents,
even though the mining workforce represents only 1% of the global workforce. Hence,
law regulation, health, and safety worldwide have additionally pressurized the mining
industry to develop and deploy new strategies to reduce accidents and fatalities [3]. In
Europe, for instance, the code of practice includes risk management and assessment as
mandatory requirements for plant safety and storage of hazardous chemicals [4]. This
trend has directed the mining industry to prioritize occupational health and safety and to
comprise various forms of risk assessment and management systems in their operations.
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However, the complete integration of these systems into the business processes is
challenging, particularly regarding allocating resources and staff, providing training pro-
grams, and, more importantly, developing and maintaining a robust risk culture inside the
organization. For instance, positive risk culture is considered crucial in determining a risk
management system’s success [5]. However, building this culture requires the organization
to understand how employees view and perceive various risks and hazards associated
with the working environment [6,7]. Workers’ risk perception is also essential in building
an effective risk communication strategy that meets the organization’s requirements [8,9].
Therefore, assessing workers’ perceptions and understanding what forms their perceptions
will enable risk management to design and implement effective strategies to eliminate or
reduce the negative impact of these risks and hazards [8,10].

The vital role that risk perception plays in risk management success is well docu-
mented in the literature [7,8,11–14]. Nonetheless, much of the research related to occupa-
tional and environmental risk perception has been conducted using assessment methods
designed to measure experts’ assessment (e.g., Analytical Hierarchical Process, cost–benefit
analysis, and severity–frequency analysis) [7,8,11–13]. However, these methods should be
used mainly with risk experts who have sufficient experience and knowledge about risk
assessment processes. On the other hand, non-expert workers tend to view risks differently;
therefore, their perception should be measured using non-expert methods such as the
psychometric paradigm. Accordingly, the present research aims to bridge the gap in the
literature by proposing and empirically testing the psychometric paradigm’s effectiveness
in measuring workers’ perception of occupational and environmental risk and hazards.

The remainder of this paper has been organized as follows. Section 2 summarizes the
literature related to current occupational health and safety strategies and the psychometric
paradigm. Section 3 discusses the materials and methods used in this study, including the
questionnaire development. Furthermore, Section 4 presents a summary of the study results
a discussion. Finally, Section 5 discusses the findings and limitations and the conclusions.

2. The Psychometric Paradigm

Slovic and his colleagues developed the psychometric paradigm during the 1970s and
the 1980s to unveil why laypeople assess the risk associated with various technologies,
products, and activities differently from experts [15–18]. The model suggested that the
latter build their risk assessment by quantifying uncertain events using probability and
outcome values or loss severity. However, the former tends to hold subjective judgments
of risk; therefore, their risk assessment depends on factors mainly related to attitudes and
beliefs, such as psychological, social, institutional, and cultural aspects. Furthermore, the
model proposed nine characteristics that influence an individual’s perception: individual
knowledge, science knowledge, newness, commonness, control, immediacy, chronic, vol-
untary, and severity [15,17]. These were also assumed to capture the multidimensionality
of individual risk perceptions. Appendix A, Table A1 shows the list of attributes used to
measure risk perception in this study, with a description of the scale employed [19].

Briefly, in the psychometric approach, individuals are requested to rate their perception
of various risks and hazards based on several common risk characteristics identified in
previous studies [20–25]. Subsequently, a principal component analysis (PCA) was used
to reduce the number of proposed characteristics into two main dimensions or factors,
frequently identified and named as “dreaded” and “unknown risks.” The former refers to
the extent to which a threat is perceived as being dreadful, uncontrollable, and involuntary,
with a catastrophic potential and fatal consequences; however, the latter entails the extent
to which an event or hazard is believed to be unobservable, unknown to individuals,
unfamiliar, new, and has delayed consequences [15,17].

Many prior studies have identified the aforementioned two main dimensions [22].
However, other research, such as Bronfman et al. [20], identified four dimensions of risk
and labeled them as catastrophic potential, knowledge, involuntariness, and social and
personal exposure. The first dimension, “catastrophic potential” is related to characteristics
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such as “Dread” “Severity of the consequence” and “Catastrophic potential.” The second
dimension, “knowledge” is associated with “Knowledge” “Oldness” and “Latency of ef-
fect.” Moreover, the third dimension, “involuntariness” encompasses involuntariness and
control. The last component, “social and personal exposure” relates to “Number of people
exposed” and “Personal effect.” The psychometric approach has been widely used to assess
laypeople’s risk perception of various risks and hazards, including food processing tech-
nologies [10,21,26], social risk [27,28], nuclear energy technologies [29,30], environmental,
natural, and climate change-related risks [31–33], and industrial accidents [34].

Considerable occupational and environmental risk perception research has been con-
ducted using various risk assessment methods, such as the analytical hierarchical process
(AHP), cost–benefit analysis, checklist, and severity–frequency analysis [7,8,11–13]. These
methods were initially designed to examine expert perceptions of risks and hazards. How-
ever, insufficient studies have attempted to understand workers’ risk perception using
non-expert risk assessment approaches such as the psychometric paradigm. The present
study extended the recent research on occupational and environmental risk perception by
evaluating mineworkers’ risk perception using the psychometric paradigm. Furthermore,
it included a list of hazards that had never been the subject of prior psychometric research,
including respiratory-related issues, occupational noise and vibration exposure, risk of
developing occupational diseases, and equipment accidents.

Understanding risk perception is essential for developing and implementing effective
communication and management strategies [35]. Measuring workers’ risk perception
regarding various work activities and identifying the characteristics that drive it will enable
the risk management to develop and implement effective risk communication strategies that
meet the organization’s requirements and address workers’ worries [36,37]. Furthermore,
this will help the risk management to focus their efforts and resources on building and
sustaining a positive risk culture.

3. Materials and Methods
3.1. Study Design

The present study design follows the tradition of earlier psychometric paradigm
research. First, a literature review related to the psychometric paradigm was conducted.
Second, a list of related risks and hazards is formulated. Third, a survey questionnaire was
developed based on the literature and the risks and hazards identified in the second step.
Finally, analyzing the collected data using several statistical techniques and ending with
the discussion and conclusion. The remainder of this section will describe the development
of the research measurement, the study population and data collection, and the statistical
methods used in the analysis.

3.2. Measurement Development

The data were collected using a survey questionnaire developed by the authors based
on previous literature [38,39]. It consisted of two sections. The first one aimed to gather
demographic information, including age, gender, experience, and type of work. The second
section purported to measure individuals’ risk perception regarding the pre-selected list
of risks and hazards listed (including: Risk of developing an occupational disease, Occu-
pational noise and vibration exposure, Dust exposure, Respiratory-related issues caused,
exposure to harmful substances, Landslide, Equipment accidents, and Explosive) using the
nine risk characteristics, including knowledge of exposure, knowledge of science, newness,
common/dreaded, control, immediacy, chronic/catastrophic, voluntariness, and severity
of the risk. These risk characteristics found in Appendix A have been commonly used
in prior psychometric studies [20,28,40–42]. The respondents were requested to assess
these risks using a seven-point Likert scale ranging from one (low) to seven (high), as
shown in Appendix A, Table A1. Before proceeding with data collection, ethical approval
was sought and granted for the developed questionnaire from the research ethics commit-
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tee at Al Hussein Bin Talal university—Jordan (Ref No: Ra-3-10-1481, date of approval:
24 June 2018).

3.3. Study Population and Data Collection

The participants were recruited from two phosphate mines located in Jordan and
Egypt. Eshidiya Mine is located in the southern part of Jordan, around 70 KM away
from Ma’an District. The mine produces 66% of the country’s dried phosphate, and the
total number of employees in this mine is around 792 [43]. The second is Abu Tartour, a
phosphate mine located in Egypt’s western desert around 50 KM west of El Kharga City, the
capital of the New Valley Governate in southwestern Egypt. The total number of employees
is around 3750. Accordingly, the population of this study consists of 4542 employees from
both mines. The inclusion criteria used in this study included participation working on the
main site of the mine. The only exception criteria were related to the participant’s literacy
skills and willingness to participate in the study.

Four hundred and eighty questionnaires were distributed using simple random sam-
pling techniques with the help of two research assistants from each country. Overall,
360 participants’ responses were received, with a response rate of 75%. Table 1 shows the
sample’s sociodemographic profile: 63% (n = 225) and 37% (n = 135) were from Egypt and
Jordan, respectively. Furthermore, 53% (n = 192), 44% (n = 158), and only 3% (n = 10) were
in their 30 s and below, 40 s, and 50 s and above, respectively. The profile also showed that
94% (n = 337) of the respondents were non-managerial employees, and only 6% (n = 23)
were managerial. Furthermore, information regarding their previous experience demon-
strated that 87% (n = 315) and merely 13% (n = 45) had less and more than five years of
experience, respectively.

Table 1. Sociodemographic profile of the sample.

Profile Category Frequency %

Country Jordan 135 37%
Egypt 225 63%

Age groups
≤30 192 53%

31–49 158 44%
≥50 10 3%

Type of work Managerial employees 23 6%
Non-managerial employees 337 94%

Experience

Less than 2 years 170 47%
2 to 5 years 145 40%
5 to 10 years 38 11%

More than 10 years 7 2%

3.4. Methods of Data Analysis

In order to measure workers’ perception of occupational and environmental risks
and hazards, this study used three statistical techniques, including principal component
factor analysis, multiple regression analysis, and Tukey’s post-hoc test. First, following
the introduction of the psychometric analysis, the principal component factor analysis
with varimax rotation was used on the aggregated data to reduce risk characteristics and
identify the most relevant risk factors. Secondly, a stepwise multiple regression analysis
was conducted using the disaggregated data to examine if the qualitative risk characteristics
can predict workers’ perception of the selected list of risks and hazards and develop the
heat map for the selected list of risks. Finally, Tukey’s post-hoc test was conducted to
determine if the differences in the overall risk perception for the list of risks and hazards
are statistically significant. All of the techniques mentioned above were performed using
IBM SPSS 23.



Int. J. Environ. Res. Public Health 2022, 19, 3371 5 of 12

4. Results
4.1. Data Preparation

Before the analyses, the data were screened for outliers and missing values. The
outlier screen and unengaged respondents were examined using the standard deviation
for each respondent’s survey item [39]. A low or zero standard deviation indicated that
the respondents entered the same pattern (e.g., 1,1,1,1, or 5,5,5,5), indicating that they were
not engaged and their responses were eliminated. For missing values, Fife-Schaw and
Rowe [44] recommended that hazards with over 15% missing values be excluded from the
analysis to ensure the results’ accuracy. Accordingly, 15 cases were dismissed from the
study. However, those responses with less than 15% missing data were treated by replacing
the missing values with the mean ones, as Jenkins et al. [20] suggested. Subsequently, the
data were analyzed using the method outlined in [20,21,44,45]. The screening process has
brought the final sample to 345 valid responses.

4.2. Aggregate-Level Hazard-Focused Analyses

First, the data were averaged for all responses to produce a mean rating for all eight
hazards for each of the nine risk characteristics (for example, Characteristics 1− Risk1 +
Char 1− R2 + Char 1−R3 + . . . .+ Char 1− R9). Subsequently, the aggregated data were
subjected to a PCA with varimax rotation to extract the two components suggested by the
psychometric literature. The data’s suitability for the PCA was tested using the Kaiser-
Meyer-Olkin (KMO) and Bartlett’s test of sphericity. As shown in Table 2, the KMO (=0.78)
test indicated that the factor analysis was appropriate for the current data. Moreover,
Bartlett’s test of sphericity (χ2 (21) = 511.77, p < 0.001) supported the data suitability [39,46].

Table 2. The test results of the Kaiser–Meyer–Olkin test and Bartlett’s test of sphericity.

Kaiser–Meyer–Olkin and Bartlett’s Test

Kaiser–Meyer–Olkin Measure of Sampling Adequacy 0.778
Bartlett’s Test of Sphericity Approx. Chi-Square 511.771

df 21
Sig. 0.000 *

Note: * Indicate significance at the level of significance (p < 0.01).

The PCA revealed that seven out of nine risk characteristics were loaded onto two
factors, while two risk characteristics (severity of risk and knowledge of science) had
cross-loading issues. In addition, their communalities were lower than the cutoff value of
0.05, as recommended by Hair [46]. Therefore, both were excluded from further analysis.
The reliability test showed that Cronbach’s alpha coefficient for both factors (Factor 1 = 0.88
and Factor 2 = 0.77) exceeded 0.60, the cutoff value recommended by social science re-
searchers [46].

The resulting two factors explained 73.5% of the total variance in the characteristic
rating. Table 3 presents the orthogonal components of the rotated factor loading. The first
factor accounted for 43.80% of the total variance and was labeled “dreaded risk.” Four
of the seven risk characteristics were loaded on this factor (control, command/dreaded,
immediacy, and chronic/catastrophic). The second factor accounted for 29.7% of the
variance and was labeled as an “unknown risk”. Three of the seven risk characteristics were
loaded on this factor: newness, knowledge of exposure, and voluntariness. The reliability
of the PCA solution was tested using Cronbach’s alpha.

The PCA results and the aggregated data were used to build a cognitive map of the
selected list of risks. Following the procedure in [47], two-factor scores were calculated for
each type of risk by weighting the ratings on each risk dimension proportionally to the
significance of the factor dimension and adding the total dimensions. For example, the
value for Risk 1 related to the dreaded dimension would be calculated by summating all
the correlated risk characteristics (Risk 1 score = 0.91 common/dreaded + 0.85 immediacy
+ 0.82 control + 0.82 chronic/catastrophic). This weighted summing would determine
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whether an individual’s risk is high or low based on whether the ratings on the dimensions
most closely linked with each of the two variables are high or low [20].

Table 3. Principal component loadings (N = 345).

Psychometric
Characteristics Communalities

Varimax Rotated Component Loadings

F1
(Dreaded)

F2
(Unknown)

Common/Dreaded 0.82 0.91 −0.01
Immediacy 0.78 0.85 −0.04

Control 0.69 0.82 −0.06
Chronic/Catastrophic 0.75 0.82 0.27

Newness 0.75 0.25 0.83
Knowledge of exposure 0.74 0.05 0.85

Voluntariness 0.70 −0.25 0.80

Eigenvalues 3.07 2.08
The proportion of the

explained variance 73.50 43.8 29.7

Cronbach’s alpha 0.88 0.77
Note: The rotation converges in two iterations. The factor loadings over 0.40 appear in bold.

According to Slovic [48], individual perception represents the location of a hazard
within a factor space. The higher the perceived risk of an event, the greater the score for the
designated factor [29]. Figure 1 shows the selected list of risks mapped into space-spanning
factors 1 and 2 according to their respective scores. The map represented two main risk
factors, the “dreaded” and “unknown risks.” The map’s lower and upper right quadrants
showed that our respondents perceived the risks of developing an occupational disease,
respiratory-related issues, exposure to harmful substances, equipment accidents, and dust
exposure. The map’s upper left and right quadrants included the risks of developing an
occupational disease, occupational noise and vibration exposure, landslides, explosives,
and respiratory-related issues. These risks and hazards were perceived as unknown by the
respondent sample.
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4.3. Disaggregate-Level Hazard-Focused Analyses

The second part of the analysis was conducted using disaggregate-level or hazard-
focused analyses. Hence, a series of eight multiple regression analyses using non-aggregated
data were conducted to test if the selected qualitative risk characteristics were significant
predictors of the participants’ perceived risk [21,27]. Table 4 summarizes the multiple
regression analysis results. Furthermore, the table demonstrated a risk heat map for the
study respondents. As revealed by the health map, three risk characteristics were the
most significant predictors of the employees’ risk perception: immediacy, catastrophic, and
dreaded. These three predictors explained more than 35% of the respondents’ perceptions
of variance.

Table 4. Heat map of significant predictors or overall risk ratings for each hazard.
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Developing occupational disease 0.44 * 0.04 0.13 0.10 0.22 * 0.12 0.04 56
Respiratory-related issues caused 0.27 * 0.22 * 0.17 * 0.22 * 0.13 * 0.12 0.14 * 70
Exposure to harmful substances 0.22 * 0.24 * 0.32 * 0.04 0.11 0.20 * 0.20 * 70

Equipment accidents 0.17 * 0.22 * 0.34 * 0.20 * −0.03 0.11 0.23 * 68
Explosive 0.02 0.39 * 0.07 0.35 * 0.13 −0.01 0.19 * 60

Dust exposure 0.02 0.41 * 0.06 0.09 0.11 0.25 * 0.07 45
Landslide 0.02 −0.02 0.22 * 0.42 * 0.18 * 0.17 * 0.21 * 63

Occupational noise and
vibration exposure 0.10 0.49 * 0.16 * 0.02 0.33 * −0.01 0.05 62

Level of effect Very
low Low Medium High Very

high

Standardized β coefficients levels <0.2 0.2–0.24 0.25–
0.29 0.3–0.34 >0.35

color scales corresponding with the level of β coefficients
Note: Cells with no color indicate non-significant results. * p < 0.05. We added level raw (level of effect). The
second raw was name (as stated in note 1). The third raw shows the color scales corresponding with the level of
β coefficients.

4.4. Overall Mean Risk Ratings

A one-way analysis of variance was conducted to compare the overall ratings of
the selected list of risks. The results showed a significant difference between the risk
ratings at p < 0.05 [F (7, 1272) =13.25, p < 0.001]. Further, the post hoc comparisons
using Tukey’s honestly significant difference test indicated that the risk of developing an
occupational disease and landslide was perceived to be significantly different from the
other six hazards, as shown in Table 5 and Figure 2. The mean score for all risks showed that
developing an occupational disease was perceived as the highest risk (M = 4.08, SD = 0.95).
In contrast, occupational noise and vibration were considered the lowest among all the
hazards (M = 3.15, SD = 0.92). However, there were no significant differences between
respiratory-related issues, exposure to harmful substances, dust exposure, flush flooding,
occupational noise, and vibration exposure. The same results were applicable to exposure
to harmful substances, dust, explosive and occupational noise, and vibration.
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Table 5. Post-hoc comparison using Tukey’s honestly significant difference test.

Tukey Groups

Mean SD B C D E F G H

Developing an occupational disease 4.08 0.95 A 5.73 * 7.23 * 7.88 * 8.60 * 7.83 * 12.7 * 9.77 *
Respiratory-related issues 3.65 1.09 B 1 1.50 2.14 2.87 2.10 6.93 * 4.03

Exposure to harmful substances 3.55 1.05 C 1 0.64 1.37 0.60 5.44 * 2.53
Equipment accidents 3.50 0.83 D 1 0.73 0.04 4.79 * 1.89

Dust exposure 3.50 0.93 E 1 0.77 4.07 1.17
Explosive 3.45 0.86 F 1 4.84 * 1.93
Landslide 3.36 0.77 G 1 2.90

Occupational noise and
vibration exposure 3.15 0.92 H 1

Note: * Indicate significance at the level of significance (p < 0.05).
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5. Discussion

The main objective was to propose and test the psychometric paradigm as a method-
ological approach to measure workers’ perception of occupation and environmental risks
and hazards and assess workers’ risk perception in the mining sector. Accordingly, a
list of eight risks and nine risk’ characteristics were assessed using data collected from
360 mineworkers. Data were analyzed following psychometric studies traditions. Follow-
ing is the most prominent finding to emerge from the analysis.

With respect to the first research objective, the results of the aggregated level and
hazard-focused data provide some support to the use of the psychometric paradigm
literature in assessing workers’ perception. In particular, the results showed that the
cognitive representation of the workers’ perceptions was structured based on two well-
known factors: dreaded and unknown risks. Both factors explained 74% of the variance in
the respondents’ risk judgments. Consistent with the literature, unknown risk factors were
associated with risk characteristics, including newness, personal knowledge of exposure,
and voluntariness. Furthermore, dreaded risk factors were related to risk characteristics,
comprising common/dreaded, immediacy, control, and chronic/catastrophic [20,27,40,44].

Furthermore, considerable previous literature on the psychometric paradigm has
established the vital role of knowledge in shaping individuals’ risk perceptions of various
technologies and activities [21,27,35,40,44,49–54]. In line with this, our results have also
supported the literature by extending psychometric research to include occupational and
related risks and hazards [55]. Therefore, the disaggregate analysis provides additional
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information on risk perceptions. For instance, the aggregate level showed that the risk
of developing an occupational disease was the highest for dreaded and unknown factors.
However, a disaggregated analysis offers precise characteristics and prediction power.
Moreover, using it provides vital information for the risk management team that can be
used to build a heat map that helps quantify and prioritize occupation and environmental
risks more relevant to their employees.

5.1. Research Implications

This study aimed to contribute to the occupational health and safety literature and the
mining industry’s risk management practices by employing a psychometric paradigm to
measure workers’ perceptions of dreaded and unknown occupational and environmental
risk and hazard factors. It provides new and different insights into the problem using a
survey questionnaire assessing mineworkers, which might help in the development of
comprehensive strategies to form an efficient safety system.

We believe that our study makes a significant contribution to the literature because
insufficient studies have attempted to understand workers’ risk perception using non-
expert risk assessment approaches. Thus, this study extended the recent research on
occupational and environmental risk perception by employing the psychometric paradigm.
Furthermore, it included a list of hazards that have previously not been the subject of
psychometric research.

Additionally, this study’s findings facilitate understanding how workers perceive the
risks and hazards associated with their working environment. They provide insightful
information that would enable health and safety departments to develop and implement
effective risk management and communication strategies. Furthermore, this would help
the risk management to focus their efforts and resources on building and sustaining a
positive risk culture.

5.2. Limitation and Suggestions for Future Research

This study is subject to the limitations inherent to retrospective studies conducted
using the psychometric paradigm. These include study population, sample size, limited
list of risks and hazards, data analysis method, and types of respondents. Although this
study’s findings provide insights into workers’ perceptions of occupational risks, they are
limited to mining. Furthermore, the tested risks and hazards list is more relevant to this
mining sector. Therefore, employees working in other sectors might experience different
risks and hazards and consequently have varying preferences regarding them. Another
limitation of the research design is the insufficient statistical techniques employed in this
study due to the small sample size. Studies using an additionally significant sample could
benefit from comparing different respondent groups (e.g., male vs. female, skilled vs.
semi-skilled, managerial vs. non-managerial). However, expanding the study scope and
scale in future research, such as including a new list of related risks and hazards, including
respondents from other complex industries, and obtaining a bigger sample size, will help
improve the reliability and validity of the findings.

6. Conclusions

The psychometric paradigm was initially developed to examine laypeople’s risk
perception of various risks and activities, including food processing technologies, nuclear
energy technologies, and climate change-related risks. Therefore, this study came as an
attempt to propose and examine the suitability of this approach for studying employees’
perceptions of occupational risk. The research findings supported the application of the
psychometric paradigm in the health and occupational safety fields. This high explanatory
power of the model, around 73% of the variance in mineworkers’ risk perception, made it
suitable to assess workers’ risk perceptions of occupational and environmental risks and
hazards. Understanding how employees perceive the risk of various work activities and
identifying the characteristics that drive their perceptions would enable risk managers to



Int. J. Environ. Res. Public Health 2022, 19, 3371 10 of 12

develop and implement efficient risk communication strategies that meet their requirements
and address their worries.
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Appendix A

Table A1. Risk Attributes.

Attribute Description of the Scale Low (1) High (7)

Knowledge to exposed To what degree is the risk associated with each activity,
substance, or technology known to you? Known Unknown

Knowledge to science In what magnitude this activity, substance, or technology has
the potential to cause death and catastrophic destruction? Known Unknown

Newness of risk Is the risk associated with each activity, substance, or
technology new and non-familiar, or old and familiar? New Old

Common/dreaded Is the risk related to each activity, substance, or technology a
common or terrible risk? Common Dreaded

Control over risk To what degree can the exposed population avoid the risk
associated with each activity, substance, or technology? Uncontrollable Controllable

Immediacy of effect
Are the effects of the risk associated with each activity,
substance, or technology immediate, or do they take place later
in time?

Immediate Delayed

Chronic/catastrophic
Is the risk associated with each activity, substance, or
technology new and non-familiar, or is it chronic
or catastrophic?

Chronic Catastrophic

Voluntariness of risk
To what degree is the risk associated with each activity,
substance, or technology faced voluntarily by the
exposed population?

Voluntary Involuntary

Severity of risk How likely are the consequences fatal when the risk associated
with this activity, substance, or technology appears? Not severe Severe

Source: [19] (p. 1273).
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11. Kasap, Y.; Subaşı, E. Risk assessment of occupational groups working in open pit mining: Analytic Hierarchy Process. J. Sustain.
Min. 2017, 16, 38–46. [CrossRef]

12. Kwiatkowska-Ciotucha, D.; Załuska, U.; Kozyra, C. The Perception of Occupation by Hospital Nurses in Poland and Germany in
Terms of the Risk of Excessive Stress and Burnout as Well as Possible Coping and Preventive Solutions. Int. J. Environ. Res. Public
Health 2021, 18, 1797. [CrossRef]

13. Rodríguez-Garzón, I.; Martínez-Fiestas, M.; Delgado-Padial, A.; Lucas-Ruiz, V. Perception of Occupational Risk of Firefighters in
Quito (Ecuador). Fire Technol. 2016, 52, 753–773. [CrossRef]

14. Ricci, F.; Bravo, G.; Modenese, A.; De Pasquale, F.; Ferrari, D.; Bello, M.; Favero, G.; Soddu, S.; Gobba, F. Risk Perception and
Ethnic Background in Construction Workers: Results of a Cross-Sectional Study in a Group of Trainees of a Vocational School in
Italy. Eur. J. Investig. Health Psychol. Educ. 2021, 11, 96–109. [CrossRef] [PubMed]

15. Fischhoff, B.; Slovic, P.; Lichtenstein, S.; Read, S.; Combs, B. How safe is safe enough? A psychometric study of attitudes towards
technological risks and benefits. Policy Sci. 1978, 9, 127–152. [CrossRef]

16. Rohrmann, B.; Renn, O. Risk Perception Research. In Cross-Cultural Risk Perception; Springer: Boston, MA, USA, 2000; pp. 11–53,
ISBN 978-1-4419-4961-5.

17. Slovic, P. The perception of risk. In Scientists Making a Difference: One Hundred Eminent Behavioral and Brain Scientists Talk about
Their Most Important Contributions; Cambridge University Press: Cambridhe, UK, 2016; pp. 179–182.

18. Starr, C. Risk Management, Assessment, and Acceptability. In Uncertainty in Risk Assessment, Risk Management, and Deci-
sion Making; Covello, V.T., Lave, L.B., Moghissi, A., Uppuluri, V.R.R., Eds.; Springer: Boston, MA, USA, 1987; pp. 63–70,
ISBN 978-1-4684-5319-5.

19. Bronfman, N.C.; Cifuentes, L.A. Risk perception in a developing country: The case of Chile. Risk Anal. 2003, 23, 1271–1285.
[CrossRef] [PubMed]

20. Bronfman, N.C.; Cifuentes, L.A.; deKay, M.L.; Willis, H.H. Accounting for Variation in the Explanatory Power of the Psychometric
Paradigm: The Effects of Aggregation and Focus. J. Risk Res. 2007, 10, 527–554. [CrossRef]

21. Jenkins, S.C.; Harris, A.J.L.; Osman, M. What drives risk perceptions? Revisiting public perceptions of food hazards associated
with production and consumption. J. Risk Res. 2021, 24, 1450–1464. [CrossRef]

22. Luís, S.; Lima, M.L.; Poggio, L.; Aragonés, J.I.; Courtier, A.; Roig, B.; Blanchard, C. Lay people and experts’ risk perception of
pharmaceuticals in the environment in Southwestern Europe. Regul. Toxicol. Pharmacol. 2020, 117, 104783. [CrossRef] [PubMed]

23. Martínez-Fiestas, M.; Rodríguez-Garzón, I.; Delgado-Padial, A. Firefighter perception of risk: A multinational analysis. Saf. Sci.
2020, 123, 104545. [CrossRef]

24. Tzortzi, A.; Kapetanstrataki, M.; Rachiotis, G.; Evangelopoulou, V.; Leventou, E.; Behrakis, P. Perceived Importance of Public
Health Risks in Greece: A Nationwide Survey of the Adult Population. Int. J. Environ. Res. Public Health 2021, 18, 8256. [CrossRef]
[PubMed]

25. Valente, J.-P.; Gouveia, C.; Neves, M.-C.; Vasques, T.; Bernardo, F. Small town, big risks: Natural, cultural and social risk perception
( Ciudad pequeña, grandes riesgos: Percepción del riesgo natural, cultural y social). PsyEcology 2021, 12, 76–98. [CrossRef]

26. You, M.; Ju, Y. A Comprehensive Examination of the Determinants for Food Risk Perception: Focusing on Psychometric Factors,
Perceivers’ Characteristics, and Media Use. Health Commun. 2017, 32, 82–91. [CrossRef] [PubMed]

27. Bassarak, C.; Pfister, H.-R.; Böhm, G. Dispute and morality in the perception of societal risks: Extending the psychometric model.
J. Risk Res. 2017, 20, 299–325. [CrossRef]

http://doi.org/10.3390/app10155172
http://doi.org/10.1016/j.shaw.2017.01.001
http://www.ncbi.nlm.nih.gov/pubmed/28951803
http://doi.org/10.1016/j.ssci.2016.08.016
http://doi.org/10.1093/occmed/kqh074
http://doi.org/10.1111/rmir.12025
http://doi.org/10.1016/j.aap.2021.106228
http://www.ncbi.nlm.nih.gov/pubmed/34147704
http://doi.org/10.3390/ijerph18105423
http://www.ncbi.nlm.nih.gov/pubmed/34069469
http://doi.org/10.3390/ijerph18137040
http://doi.org/10.1080/10572252.2015.1079334
http://doi.org/10.3390/ijerph16111874
http://www.ncbi.nlm.nih.gov/pubmed/31141881
http://doi.org/10.1016/j.jsm.2017.07.001
http://doi.org/10.3390/ijerph18041797
http://doi.org/10.1007/s10694-015-0494-x
http://doi.org/10.3390/ejihpe11010008
http://www.ncbi.nlm.nih.gov/pubmed/34542452
http://doi.org/10.1007/BF00143739
http://doi.org/10.1111/j.0272-4332.2003.00400.x
http://www.ncbi.nlm.nih.gov/pubmed/14641900
http://doi.org/10.1080/13669870701315872
http://doi.org/10.1080/13669877.2020.1871057
http://doi.org/10.1016/j.yrtph.2020.104783
http://www.ncbi.nlm.nih.gov/pubmed/32931895
http://doi.org/10.1016/j.ssci.2019.104545
http://doi.org/10.3390/ijerph18168256
http://www.ncbi.nlm.nih.gov/pubmed/34444006
http://doi.org/10.1080/21711976.2020.1853946
http://doi.org/10.1080/10410236.2015.1110003
http://www.ncbi.nlm.nih.gov/pubmed/27175517
http://doi.org/10.1080/13669877.2015.1043571


Int. J. Environ. Res. Public Health 2022, 19, 3371 12 of 12

28. Teigen, K.H.; Brun, W.; Slovic, P. Societal risks as seen by a Norwegian public. J. Behav. Decis. Mak. 1988, 1, 111–130. [CrossRef]
29. Cha, Y. Environmental Risk Analysis. In Factors Influencing Nuclear Risk Perception and Policy Implications; State University of New

York at Albany: New York, NY, USA, 1997.
30. Ho, S.S.; Looi, J.; Chuah, A.S.F.; Leong, A.D.; Pang, N. “I can live with nuclear energy if . . . ”: Exploring public perceptions of

nuclear energy in Singapore. Energy Policy 2018, 120, 436–447. [CrossRef]
31. Aragonés, J.; Tapia-Fonllem, C.; Poggio, L.; Fraijo-Sing, B. Perception on the Risk of the Sonora River Pollution. Sustainability

2017, 9, 263. [CrossRef]
32. Mumpower, J.L.; Liu, X.; Vedlitz, A. Predictors of the perceived risk of climate change and preferred resource levels for climate

change management programs. J. Risk Res. 2016, 19, 798–809. [CrossRef]
33. Rambonilaza, T.; Joalland, O.; Brahic, E. Landowner’s perception of flood risk and preventive actions in estuarine environment:

An empirical investigation. J. Environ. Manag. 2016, 180, 272–279. [CrossRef] [PubMed]
34. Lin, S.-C.; Mufidah, I.; Persada, S. Safety-Culture Exploration in Taiwan’s Metal Industries: Identifying the Workers’ Background

Influence on Safety Climate. Sustainability 2017, 9, 1965. [CrossRef]
35. Renn, O.; Benighaus, C. Perception of technological risk: Insights from research and lessons for risk communication and

management. J. Risk Res. 2013, 16, 293–313. [CrossRef]
36. Frewer, L.J.; Fischer, A.R.H.; Brennan, M.; Bánáti, D.; Lion, R.; Meertens, R.M.; Rowe, G.; Siegrist, M.; Verbeke, W.; Vereijken,

C.M.J.L. Risk/Benefit Communication about Food—A Systematic Review of the Literature. Crit. Rev. Food Sci. Nutr. 2016, 56,
1728–1745. [CrossRef] [PubMed]

37. Soby, B.A.; Simpson, A.C.D.; Ives, D.P. Managing food-related risks: Integrating public and scientific judgements. Food Control.
1994, 5, 9–19. [CrossRef]

38. Boudreau, M.-C.; Gefen, D.; Straub, D.W. Validation in information systems research: A state-of-the-art assessment. MIS Q. 2001,
25, 1–16. [CrossRef]

39. Churchill, G.A. A paradigm for developing better measures of marketing constructs. Journal of Marketing Research. J. Mark. Res.
1979, 16, 64–73. [CrossRef]

40. Al-Rawad, M.; Al Khattab, A. Risk Perception in a Developing Country: The Case of Jordan. IBR 2014, 8, 81. [CrossRef]
41. Keown, C.F. Risk Perceptions of Hong Kongese vs. Americans. Risk Anal. 1989, 9, 401–405. [CrossRef]
42. Kim, Y.; Park, J.; Park, M. Creating a Culture of Prevention in Occupational Safety and Health Practice. Saf. Health Work 2016, 7,

89–96. [CrossRef] [PubMed]
43. Alshirah, M.H.; Lutfi, A.; Alshira’h, A.F.; Saad, M.; Ibrahim, N.M.E.S.; Mohammed, F.M. Influences of the environmental factors

on the intention to adopt cloud based accounting information system among SMEs in Jordan. Accounting 2021, 7, 645–654.
[CrossRef]

44. Lutfi, A. Investigating the moderating effect of Environment Uncertainty on the relationship between institutional factors and
ERP adoption among Jordanian SMEs. J. Open Innov. Technol. Mark. Complex. 2020, 6, 91. [CrossRef]

45. Almaiah, M.A.; Hajjej, F.; Lutfi, A.; Al-Khasawneh, A.; Alkhdour, T.; Almomani, O.; Shehab, R. A Conceptual Framework for
Determining Quality Requirements for Mobile Learning Applications Using Delphi Method. Electronics 2022, 11, 788. [CrossRef]

46. Hair, J.F., Jr.; Black, W.C.; Babin, B.J.; Anderson, R.E. Multivariate Data Analysis, 7th ed.; Prentice Hall: Upper Saddle River, NJ,
USA, 2010.

47. Slovic, P.; Fischhoff, B.; Lichtenstein, S. The Psychometric Study of Risk Perception. In Risk Evaluation and Management; Covello,
V.T., Menkes, J., Mumpower, J., Eds.; Springer: Boston, MA, USA, 1986; pp. 3–24, ISBN 978-1-4612-9245-6.

48. Slovic, P. The Perception of Risk; Earthscan: London, UK, 2000.
49. Martinez-Fiestas, M.; Rodríguez-Garzón, I.; Delgado-Padial, A.; Lucas-Ruiz, V. Analysis of perceived risk among construction

workers: A cross-cultural study and reflection on the Hofstede model. Int. J. Occup. Saf. Ergon. 2017, 23, 307–317. [CrossRef]
[PubMed]

50. Alsyouf, A.; Masa’deh, R.; Albugami, M.; Al-Bsheish, M.; Lutfi, A.; Alsubahi, N. Risk of Fear and Anxiety in Utilising Health App
Surveillance Due to COVID-19: Gender Differences Analysis. Risks 2021, 9, 179. [CrossRef]

51. Al-Khasawneh, A.L.; Barakat, H.J. The role of the Hashemite leadership in the development of human resources in Jordan: An
analytical study. Int. Rev. Manag. Mark. 2016, 6, 654–667.

52. Al-Khasawneh, A.L.; Malkawi, N.M.; AlGarni, A.A. Sources of recruitment at foreign commercial banks in Jordan and their
impact on the job performance proficiency. Banks Bank Syst. 2018, 13, 12–26. [CrossRef]

53. Lutfi, A.; Alsyouf, A.; Almaiah, M.A.; Alrawad, M.; Abdo AA, K.; Al-Khasawneh, A.L.; Saad, M. Factors Influencing the Adoption
of Big Data Analytics in the Digital Transformation Era: Case Study of Jordanian SMEs. Sustainability 2022, 14, 1802. [CrossRef]

54. Lutfi, A. Understanding Cloud Based Enterprise Resource Planning Adoption among SMEs in Jordan. J. Theor. Appl. Inf. Technol.
2021, 99, 5944–5953.

55. Lutfi, A. Understanding the Intention to Adopt Cloud-based Accounting Information System in Jordanian SMEs. Int. J. Digit.
Account. Res 2022, 22, 47–70. [CrossRef]

http://doi.org/10.1002/bdm.3960010205
http://doi.org/10.1016/j.enpol.2018.05.060
http://doi.org/10.3390/su9020263
http://doi.org/10.1080/13669877.2015.1043567
http://doi.org/10.1016/j.jenvman.2016.05.037
http://www.ncbi.nlm.nih.gov/pubmed/27240203
http://doi.org/10.3390/su9111965
http://doi.org/10.1080/13669877.2012.729522
http://doi.org/10.1080/10408398.2013.801337
http://www.ncbi.nlm.nih.gov/pubmed/25575335
http://doi.org/10.1016/0956-7135(94)90128-7
http://doi.org/10.2307/3250956
http://doi.org/10.1177/002224377901600110
http://doi.org/10.5539/ibr.v8n1p81
http://doi.org/10.1111/j.1539-6924.1989.tb01005.x
http://doi.org/10.1016/j.shaw.2016.02.002
http://www.ncbi.nlm.nih.gov/pubmed/27340594
http://doi.org/10.5267/j.ac.2020.12.013
http://doi.org/10.3390/joitmc6030091
http://doi.org/10.3390/electronics11050788
http://doi.org/10.1080/10803548.2016.1198621
http://www.ncbi.nlm.nih.gov/pubmed/27309591
http://doi.org/10.3390/risks9100179
http://doi.org/10.21511/bbs.13(2).2018.02
http://doi.org/10.3390/su14031802
http://doi.org/10.4192/1577-8517-v22_2

	Introduction 
	The Psychometric Paradigm 
	Materials and Methods 
	Study Design 
	Measurement Development 
	Study Population and Data Collection 
	Methods of Data Analysis 

	Results 
	Data Preparation 
	Aggregate-Level Hazard-Focused Analyses 
	Disaggregate-Level Hazard-Focused Analyses 
	Overall Mean Risk Ratings 

	Discussion 
	Research Implications 
	Limitation and Suggestions for Future Research 

	Conclusions 
	Appendix A
	References

