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Abstract: The construction industry still leads the world as one of the sectors with the most work-
related injuries and worker fatalities. Considering that one of the barriers to improving construction
safety is its stressful working environment, which increases risk of inattentiveness among construction
workers, safety managers seek practices to measure and enhance worker focus and reduce stress, such
as mindfulness. Considering the important role of mindfulness in curbing frequency and severity of
incidents, researchers are interested in understanding the relationship between mindfulness and other
common, more static human characteristics. As a result, this study examines the relationship between
mindfulness and such variables as personality and national culture in the context of construction
safety. Collecting data from 155 participants, this study used elastic net regression to examine
the influence of independent (i.e., personality and national culture) variables on the dependent
(i.e., mindfulness) variable. To validate the results of the regression, 10-fold cross-validation was
conducted. The results reveal that certain personality traits (e.g., conscientiousness, neuroticism, and
agreeableness) and national cultural dimensions (e.g., uncertainty avoidance, individualism, and
collectivism) can be used as predictors of mindfulness for individuals. Since mindfulness has shown
to increase safety and work performance, safety managers can utilize these variables to identify
at-risk workers so that additional safety training can be provided to enhance work performance and
improve safety outcomes. The results of this study will inform future work into translating personal
and mindfulness characteristics into factors that predict specific elements of unsafe human behaviors.

Keywords: mindfulness; personal characteristics; construction safety

1. Introduction

With more than 1000 fatalities among construction workers every year in the United
States alone [1] and nearly $6 billion costs in lost production, lost income, and pain and
suffering [2], the safety performance of construction workers demands improvement.
Improving construction safety is challenging since workers have to execute their tasks
under both physically and psychologically demanding conditions [3,4] to meet time and
budget constraints in a project. Such working conditions can create inattentiveness [5],
anxiety [6], or stress [7-9], which contribute to construction workers” unsafe behaviors [9].
Therefore, safety managers seek practices to enhance worker focus, reduce stress, promote
caution, and hone workers” abilities to identify, acknowledge, and respond to uncertainties
in the workplace, ultimately reducing human errors leading to accidents [10].

One technique to lower stress and anxiety, enhance focus, and improve attentional
performance is to implement mindfulness practices. In the last decade, an explosion
of interest in mindfulness research on the concept and application of mindfulness has
taken place, and mindfulness journal publications increased from fewer than 35 articles
in the early 2000s to 1203 publications in 2019 (g0AMRA .org (accessed on 8 March 2021)).
Originating in Buddhist philosophy and meditation practice [11], mindfulness has been
shown to be effective in treating mental and behavioral health issues [12,13]. Mindfulness
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as a trait is particularly related to attention and awareness [14], which are essential factors
in workplace safety [15]. Because being mindful can help reduce workplace accidents
and injuries, it is important to identify which individual differences, such as personality,
influence the state of mindfulness of construction workers. This approach could potentially
screen out accident-prone employees [16,17] who may need additional support or training
to prevent accidents.

Considering the important role of mindfulness in curbing frequency and severity of in-
cidents, researchers are interested in understanding the relationship between mindfulness
and other common, more static human factors, such as personality [18,19]. Although recent
research on personality shows that certain personality traits are highly related to safety and
to the attentional failures that may lead to unsafe behaviors, e.g., Hasanzadeh et al. [17],
and little is known about other personal factors that may impact mindfulness. More recent
studies even have suggested that the relationship between personal characteristics and
safety performance may be mediated by failures in cognitive processes, such as poor selec-
tive attention or distractibility [17]. Considering that mindfulness is particularly related to
attention and awareness [14], understanding the relationship between mindfulness and
other common, more static human factors, such as personality will increase our knowledge
regarding the mediating role of attention in safety performance. For instance, to what
extent can a variable such as national culture makes certain employees more risk-, injury-,
and accident-prone?

To address this knowledge gap, this study examines the relationship between mind-
fulness and variables such as personality and national culture in the context of construction
safety. The results of this study offer solutions for reducing accidents in the construction in-
dustry by providing additional factors that can be used as a predictive index. Furthermore,
the results may be used as inputs to design better safety training programs to enhance
worker safety on job sites, which, in turn, will conceivably lead to better safety performance.

2. Literature Review
2.1. Mindfulness

The original term commonly referred to as mindfulness is “sati”, a Sanskrit word
that indicates both awareness and remembrance or memory [11]. While mindfulness
stems from the approximately 2500-year-old Buddhist tradition, in its modern approach,
mindfulness can be defined as “paying attention in a particular way, on purpose, in the
present moment, and non-judgmentally” [20] (p. 4). Even though differences exist among
experts on how mindfulness is defined and conceptualized [21], attention and awareness
are the fundamental and common elements that make up mindfulness.

In practice, mindfulness has been applied as a treatment to mental and behavioral
health issues, including stress, anxiety, and depression [12,13,22,23], which incidentally
can enhance workplace safety. Considering a great deal of stress caused by the working
environment and the immense pressure to execute a job contributes to unsafe worker
behaviors [9], and implementing mindfulness practices that can help workers be more
attentive and aware of themselves and their surroundings has recently gained traction
within industry [15,24,25]. In the following section, the research team will summarize
the salient results of a literature review about mindfulness measures and the relationship
between mindfulness and safety performance.

2.1.1. Measuring Mindfulness

Due to the existence of different mindfulness definitions, it can easily be inferred that
different mindfulness measures exist. These measures differ from each other according to
the total number of items and the respective dimensions they measure and also whether
they consider mindfulness a trait or a state. Some of the most frequently used mindfulness
measures are the Mindfulness Attention and Awareness Scale (MAAS) [14], the Five Facets
Mindfulness Questionnaire (FFMQ) [26], the Kentucky Inventory of Mindfulness Skills
(KIMS) [27], the Philadelphia Mindfulness Scale (PHLMS) [28], the Revised Cognitive and
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Affective Mindfulness Scale (CAMS-R) [29], the Freiburg Mindfulness Inventory (FMI) [30],
the Southampton Mindfulness Questionnaire (SMQ) [31], and the Toronto Mindfulness
Scale (TMS) [32].

In order to clarify which mindfulness measure to choose from among the validated
mindfulness questionnaires, Qu et al. [33] evaluated eight frequently used validated mea-
sures of mindfulness. Using five evaluation techniques—namely, operational definition,
content validity, high reliability, construct validity, and high criterion-related validity—they
compared mindfulness measures by giving them a grade of high, moderate, low, or none.
The results of their study showed that only the MAAS scored “High” on every evaluation
measure.

Developed by [14], the MAAS is a fifteen-item scale measuring mindfulness as a single
factor relating to attention. The MAAS is designed to measure a conceptualization of
mindfulness as “the presence or absence of attention to and awareness of, what is occurring
in the present moment” [14] (p. 824). With the goal to further validate the MAAS as a
reliable measure of mindfulness, MacKillop et al. [34] conducted a confirmatory factor
analysis to compare the differences in meditation practice among participants in a large
sample and concluded that the MAAS is a valid measure of mindfulness. In addition,
this measure of mindfulness showed satisfactory psychometric properties and validity
inferences [35,36]. Considering that MAAS has been used successfully by other researchers
to measure the relationship between mindfulness and workplace safety in the healthcare
industry, Dierynck et al. [37] and petroleum-distribution industry, Kao et al. [25], the
authors decided to use this measure for the present study.

2.1.2. Mindfulness and Safety Performance

Previous studies have shown that mindfulness can have a positive impact on the
safety performance of workers [10,15,38—41]. For example, Zhang et al. [39] investigated the
influence of mindfulness on task complexity and safety performance among nuclear power-
plant operators and found that mindfulness interacted with task complexity (significantly
positive influence on both task and safety performance for high-complexity activities)
to influence safety performance. In a follow-up study, Zhang and Wu [40] investigated
the relationship between dispositional mindfulness and workplace safety on a sample
of nuclear power-plant control-room operators and determined that mindfulness has a
positive impact on workers safety compliance and safety behavior.

In a study examining dispositional mindfulness and its relationship with safety prac-
tices in the food industry, [42] found that mindfulness can be used as a predictor of both
safety practices and safety knowledge. In addition, using moderation analysis, they found
that mindfulness predicts safety practices better among workers with the least safety
knowledge. In another study, Dierynck et al. [37] investigated the role of individual and
collective mindfulness of nurses on self-reported workaround (short-cuts) rates and safety
failures. The study found that both individual and collective mindfulness were signifi-
cantly negatively correlated with workarounds, and the number of occupational safety
failures were significantly positively correlated. As a result, Dierynck et al. [37] claimed that
mindfulness has a positive effect on occupational safety in hospitals. More recently, [25]
evaluated the relationship between the mindfulness trait and workplace injuries in the
petroleum-distribution industry. Collecting and analyzing hierarchically nested data, they
found that mindfulness is related to workplace injuries, safety compliance, and safety
participation, and they observed this relationship is mediated by safety compliance. They
concluded that the mindfulness trait is an important factor in determining safety behavior
and subsequently in reducing the frequency of incidents.

In the construction industry, a limited number of studies have investigated the role of
mindfulness in incident occurrence or safety behavior [10,15,43—45]. Considering that stress
can negatively impact the performance of construction professionals, some of these studies
have focused on the application of mindfulness in reducing stress at construction sites.
For example, Liang and Leung [43] investigated the relationship between mindfulness
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characteristics and different kinds of stress experienced by construction professionals. They
found that certain types of mindfulness characteristics can release or exacerbate different
kinds of stress. In a follow-up study, Leung et al. [44] found that mindfulness characteristics
indirectly improve construction workers’ performance by relieving their stress and directly
improves safety performance through increased awareness. One of the interesting findings
of the study was that decentering—or the ability of someone to be aware of his/her own
experience but see it from another view—can harm safety performance.

While previous studies have advanced knowledge regarding the role of mindfulness
in safety performance, little is known regarding the variables that impact the mindfulness
state of construction workers. This study addresses this knowledge gap by investigat-
ing the impact of personality, national culture, and attitude on the mindfulness state of
construction workers.

2.2. Personality

Though numerous studies have shown that personality traits can be used as a pre-
dictor for human behavior, e.g., [46], contributions from studies on personality factors,
e.g., [47-49] produced a five-factor model—known as the “Big Five”—that continues to
be the most widely accepted theory of personality today. The five dimensions of person-
ality, as compiled by [50], include (1) extraversion (talkative, assertive, active, energetic,
and outgoing), (2) agreeableness (sympathetic, kind, appreciative, affectionate, and trust-
ful), (3) conscientiousness (organized, thorough, efficient, responsible, and dependable),
(4) neuroticism (tense, anxious, nervous, moody, and worrying), and (5) culture or openness
(imaginative, intelligent, original, insightful, and curious). These factors provide an effec-
tive and quantifiable metric for gauging individuals’ personality traits, which has thereby
enabled research on the effects of personality in a breadth of sectors.

The relationship between personality and mindfulness has been studied in more detail
by researchers, e.g., [18,51]. A meta-analysis on 29 studies that included 32 independent
samples conducted by Giluk [18] found that the personality trait neuroticism was nega-
tively associated with dispositional mindfulness, and conscientiousness and agreeableness
were positively associated. Giluk’s meta-analysis also found a weak positive relation-
ship between extraversion and openness with dispositional mindfulness. These results
were also reinforced by Tucker et al. [51], with neuroticism being negatively associated
with mindfulness while positive associations existed with the other dimensions of per-
sonality. A canonical correlation analysis conducted by Hanley [52] also found that the
strongest relationship with mindfulness was between neuroticism (negatively associated)
and conscientiousness (positively associated).

The potential links between personality and mindfulness can be further exploited to
examine the work and safety performance of workers. Since individual personality traits
do not change much over time, the personality of individuals can be used as a tool to
predict the dispositional mindfulness of workers.

2.3. National Culture

One variable that impacts attention [53] and safety behavior [54] is national culture,
a factor that becomes more salient considering the increasing workforce diversity in the
construction sector [55-59]. Numerous cross-cultural studies show that culture has an effect
on risk-taking behavior [54,60], risk perception and understanding [61], following orders
and procedures [62], level of safety [63—65], perception of acceptable levels of safety [66],
and cognitive style of information processing and decision making [67].

Culture has been defined as shared experience, beliefs, values, attitudes, religion,
and conception of the world gathered during lifetime of a person that is passed to future
generations [68]. Considering the complexity and elusiveness of culture, researchers
have made numerous attempts to break culture into its fundamental constructs. One
of the most successful attempts to dimensionalize culture—initiated and expanded by
Hofstede [68-70]—resulted in the following dimensions (Table 1): (i) power distance, (ii)
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uncertainty avoidance, (iii) individualism and collectivism, (iv) masculinity and femininity,
and (v) long-term orientation.

Table 1. Definitions of the Hofstede’s cultural dimensions.

Dimension Definition

The way members of a group understand how authority is shared
among them. Power distance measures the distribution of power

Power distance in a society—in other words, this dimension of culture indicates
the degree of inequality in which power is distributed to
members of a society or organization [69].

The way members of a group deal with unstructured situations
and how comfortable they are dealing with such situations.
Uncertainty avoidance measures a society’s susceptibility to

Uncertainty avoidance (UA)  uncertainty and ambiguity of future events or situations. High
UA signifies not taking risks in an uncertain future while cultures
with low UA have a greater tolerance and acceptance for events
even when facing uncertainty [69].

The way members of a group consider acting towards someone
outside their group. Individualism is the extent to which
individuals should take care of themselves or their close ones and
remain largely independent from other groups of the society. On
the contrary, collectivism promotes the harmonious nature of
society and prioritizes the interest of the whole group over the
need of individual interest [69].

Individualism and
collectivism

The way members of a group manifest their capabilities.
Masculinity reflects the extent to which achievement, heroism,

Masculinity and femininity  assertiveness, and material rewards are preferred and valued in a
society, while femininity signifies compromise, cooperation,
courtesy, and quality of life [69].

The way members of a group feel toward future prize. Long-term
orientation of cultural dimension signifies the value of
Long- and short-term persistence, perseverance, saving, and being able to adapt. On the
orientation other hand, short-term orientation reflects increased focus on the
present or past and considers these factors more important than
the future, value traditions, and social obligations [69].

2.3.1. Measuring Culture at the Individual Level

One of the main criticisms about Hofstede’s cultural model concerns about its limita-
tion in measuring cultural dimensions at the individual level [68,71,72]. Accordingly, [73]
highlighted the importance of individual-level analysis in determining “relationships
among organizational variables that are sensitive to certain cultural differences.” They
stated that Hofstede’s ecological meaningfulness embedded ambiguity, and they raised the
limitation of the model’s efficiency at micro-level analysis.

Anthropologists were among the first group of researchers who addressed this knowl-
edge gap by developing frameworks to measure cultural dimensions at the individual
level [74]. In a more recent study, investigating the isomorphism of individual and country
levels of cultural value constructs, Fischer et al. [75] demonstrated that individualism
index of cultural dimension could be utilized at the individual level. Based on the work of
Hofstede’s cultural dimensions, Yoo et al. [72] developed a survey, the Individual Cultural
Value Scale (CVSCALE), capable of measuring an individual’s cultural indices to address
the deficiencies of Hofstede’s cultural questionnaire. Yoo et al. [72] tested the reliability
of the CVSCALE questionnaire and concluded that the scale resulted in reliable cultural
dimension and invariant factor loadings and can be used for cross-cultural comparisons.
Subsequent studies on individual cultural dimensions have utilized this scale in their
research [76-82]. In a multicultural study with two independent samples (n > 500) compris-
ing immigrant ancestors (no Native Americans) population, [83] applied the CVSCALE
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and concluded that this scale can be used to reliably measure national culture dimensions at
the individual level or psychological level. In this study, the CVSCALE is used to measure
national culture at the individual level.

2.3.2. Role of National Culture in Construction Safety

The role of national culture in dissimilar safety performance has been studied in the
construction industry, e.g., [66,84,85]. One of the earliest studies that used Hofstede’s
national culture dimensions was conducted by Mohamed et al. [54], who examined the
correlation between construction workers” behavior, attitude, and perception towards
safety with the safety culture in Pakistan. Using factor analysis to combine some of the
national culture dimensions, the study’s authors identified three main factors: collectivism
and femininity (48% of total variance), uncertainty avoidance (18% of total variance), and
power distance (14% of total variance). Using the correlation analysis, they found that
workers with higher uncertainty avoidance tend to be more safety aware and had a stronger
belief in safety issues, and as the power distance between workers and management
grows, workers will have lower awareness and beliefs regarding safety issues. Then,
Ref. [54] conducted a binary logistic regression analysis to assess the independent effects
of each of the dependent variables (i.e., attitude, perception, and cultural dimension) on
different behavioral situations. The results showed that workers with higher collectivism,
femininity, and uncertainty avoidance are more likely to avoid continuing to work under
risky situations. The cultural dimension of power distance could not predict any of the
given behavioral situations.

To empirically measure the impact of individual cultural values on the risk perception
of construction workers, Habibnezhad and Esmaeili [82] measured both the cultural di-
mensions and risk perception of construction workers using a questionnaire. The findings
showed that workers with higher uncertainty avoidance and collectivism selected lower
probabilities for low-impact consequences (e.g., first aid or medical case), especially for fall
hazards. In contrast, those with a larger masculinity index assign lower probabilities to
high-impact consequences (e.g., fatality) compared to those with lower masculinity.

Al-Bayati and his colleagues [57,58] used multiple techniques—including question-
naires, interviews, and focus groups—to better understand the existing cultural differences
and their influence on safety performance among Hispanic workers. By considering culture
as a guiding principle that may influence one’s behavior given the social environment [70],
Al-Bayati et al. focused on identifying cultural differences that influence safety perfor-
mance of construction workers. Collecting and analyzing perspectives of both Hispanic
workers and their supervisors, Al-Bayati et al. could identify three active cultural differ-
ences [57,58]: high power distance, collectivism, and uncertainty avoidance. The findings
show that, due to higher power distance, when the task is unsafe, it is more common for
Hispanic workers not to object or deliver their concerns to their supervisor. In addition,
since Hispanic workers typically work with their family members or close friends, they
tend to trust their fellow Hispanic coworkers or supervisors more than others. Finally,
due to higher uncertainty avoidance, Hispanic workers preferred detailed instructions to
successfully complete a task.

In summary, the literature review shows that even though personality traits and
mindfulness have shown relations, the effect of national culture of workers in combination
with personality on mindfulness is still unknown. To address this knowledge gap, this
study investigates the degree of association of mindfulness with relatively static factors
including personality traits and national culture to predict the mindfulness of individuals.

3. Materials and Methods

In order to examine the influence of the independent (i.e., personality and national
culture) variables on the dependent (i.e., mindfulness) variable, this study used a regres-
sion analysis. In this section, the authors detail the study’s data collection instruments,
participants characteristics, data analysis approach, and validation.
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3.1. Data Collection Instruments
3.1.1. Dependent Variable

To measure mindfulness, this study used the Mindfulness Attention Awareness Scale
(MAAS). Developed by Brown and Ryan [14], and regarded as one of the most established
techniques for measuring mindfulness [86], the MAAS applies a Likert scale ranging from 1
to 6 (almost always to almost never), and participants must respond to 15-item statements
in the questionnaire. The average of all statements was reported as the participant’s
mindfulness score, with higher scores indicating a higher level of dispositional mindfulness
and vice versa.

3.1.2. Independent Variables

To assess personality, this study used the Big Five Inventory (BFI) developed by [50].
This 44-item questionnaire also uses a Likert scale ranging from 1 to 5 (strongly disagree to
strongly agree). Like any Likert-based questionnaire, participants answer to which extent
they agree or disagree with each statement. Total scores are then calculated by adding the
direct and reverse score Likert value to each of the personality types, as specified by [50].

To compute the national culture aspect of participants, this study utilized a question-
naire adapted from [54]. National culture has four dimensions: power distance (five items),
individualism vs. collectivism (six items), uncertainty avoidance (five items), masculinity vs.
femininity (four items). National culture was also computed based on a Likert scale like
personality. The scale ranges from 1 to 5 (strongly disagree to strongly agree) for national
culture.

3.2. Participants

A total of 156 participants (30 construction workers and 126 students) aged 18-62 years
(mean = 26.81, standard deviation = 9.55) were recruited to provide the data; however, one
data point was removed from the student sample because it was incomplete. Therefore,
a total of 155 participants (30 construction workers and 125 students) were considered
for analysis. The student respondents were from the department of civil engineering
at George Mason University. Since previous studies have shown that experience plays
an important role in determining safety performance of people involved in construction
activities [87,88], student sample data were divided into two groups: students with ex-
perience and novice students. The students with experience sample were between 21
and 40 years old (mean = 24.42, standard deviation = 4.46), novice student sample were
between 18 and 40 years old (mean = 23.44, standard deviation = 4.33), and the construction
workers’” sample were between the ages of 19 and 62 years old (mean = 39.69, standard
deviation = 13.89). Participants were recruited through on-campus fliers, posting an invita-
tion flyer at construction sites, and stopping by construction companies” main offices. All
participants provided written informed consent, and workers were given $15 gift cards,
whereas students received classroom credit points as compensation after finishing the
questionnaires. All procedures were approved by the Institutional Review Board (IRB) of
George Mason University.

3.3. Data Analysis Approach

In order to analyze data that contains multiple independent variables, generalized
regression approaches are appropriate to select which variables have the most significant
effect on the response variable. Before conducting any regression analysis, the assumptions
for regression should be tested. Therefore, the research team first tested the distribution
of the data and the existence of potential outliers. The assumptions for regression were
checked for each dataset separately (i.e., students with experience, novice students, and
workers). Plotting the distribution of the mindfulness score for construction workers, it
was found that the data were normally distribution with no outliers (Shapiro-Wilk: p-value
0.73 > 0.05). For novice student data, one data point was an outlier (same data point as the
outlier) and removed from data in the analysis. By removing the outlier, the distribution
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of the dependent variable changed from non-normal (Shapiro-Wilk: p-value 0.01 < 0.05)
to normal (Shapiro-Wilk: p-value 0.07 > 0.05). The mindfulness score of students with
experience was normally distributed with no outliers (Shapiro-Wilk: p-value 0.09 > 0.05).

Then, to confirm that the relationship between the independent variables and the
response is linear, the research team evaluated the scatter plot of each independent variable
with the response variable. There was no pattern to show violation of linearity, such as
curvilinear or cubic, on the dataset. To address the assumption regarding the variance of
the residuals of the response variable, the authors plotted the residuals versus predicted
values and observed no pattern for the datasets. All observations proved to be independent
of each other, and finally, the distribution of the residuals of the dependent variable were
normally distributed for students with experience (Shapiro-Wilk p = 0.97) as well as
construction workers (Shapiro-Wilk p = 0.17). However, the distribution of the residuals
of the dependent variable were not normally distributed for novice students (Shapiro—
Wilk p = 0.003). Plotting the distribution of the residual for novice students revealed that
one data point was an outlier and removed from the analysis. After removing this data
point, the distribution of the residuals of the dependent variable changed from non-normal
(Shapiro-Wilk: p-value 0.003 < 0.05) to normal (Shapiro-Wilk: p-value 0.117 > 0.05).

In any regression approach, the first starting point to do any type of regression is
linear regression. Simple linear regression, also known as ordinary least squares (OLS),
attempts to minimize the sum of error squared. Even though this regression method is
key to understanding the nature of the regression model, it usually oversimplifies the
analysis and thus important variables may not be selected as they should be. The other
disadvantage of linear regression is that it is prone to multicollinearity, which means
that if there is high correlation between the predictors, removal of one or more variables
from the analysis may be necessary, which is problematic because those variables may
be important predictors for the response variable at hand. Hence, a more refined type of
approach is needed to better select variables while also simplifying the model by retaining
the significant variables and removing the variables that do not contribute to the prediction
of the response variable.

3.4. Penalization Methods

Traditional regression methods such as stepwise, forward, and backward selection
suffer from high variability and low prediction accuracy, especially when there is a correla-
tion between variables or multiple predictors [89,90]. In response to these shortcomings,
using penalized regression methods have gained traction among researchers due to their
higher prediction accuracy and computational efficiency [91]. Using penalized estimates
in a regression model, the user accepts some bias in order to reduce variance. Similar
to ordinary least squares (OLS) estimation, penalized regression methods estimate the
regression coefficients of the predictors by minimizing the sum of squares of the resid-
uals; however, in contrast to OLS methods, the penalized regression places a constraint
or penalty, e.g., [92] on the size of the regression coefficients, which causes the coefficient
estimates to be biased. The introduction of the penalty improves the prediction capability
of the model by decreasing the variance of the coefficient estimates.

Generalized regressions with no penalties are based on the least square estimation
method, which is an unpenalized fit and provides no simplification (no variable selection)
and no shrinkage of parameters. Alternatively, penalized regression selects variables by
minimizing the sum of the squared residuals while also adding a penalty proportional to the
size of the regression coefficients. If the size of the penalty on a specific parameter is large
enough, it causes the regression coefficient to shrink towards zero. Hence, some variables
will be removed from the analysis, which will simplify the final model by selecting fewer
variables. In the same token, shrinkage is done by continuously shrinking the regression
coefficients by introducing some degree of bias, e.g., [92-94] in the coefficient estimates.
More often, the introduction of bias tends to reduce variance, resulting in a model with a
better prediction performance.
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In this study, we utilized a type of generalized penalized regression called elastic net
regression, which can select variables by introducing a penalty in the regression model. In
many statistical models, the typical technique behind the penalized regression analysis is
using an estimation method called maximum likelihood. This estimation method delivers
the best fit based on the observed data. By applying a penalized likelihood instead, better
prediction on the response variable can be achieved.

The purpose of introducing a penalty is to achieve two main purposes. The first
purpose is to allow the model to perform variable selection by removing unimportant
predictors, and the second purpose is to apply shrinkage of estimation parameters. By
optimizing the penalized likelihood, the regression model is simplified (fewer predictors),
overfitting (weak prediction performance) can be avoided, and issues that arise from
multicollinearity (high correlation between predictors) can be resolved [95]. In other words,
by applying penalized estimates in regression, some degree of bias is accepted in order to
reduce variance. The penalization regression methods and corresponding penalties are
shown in Table 2.

Table 2. Penalization regression methods and associated penalties.

Method Penalty
Ridge [3]'2 (Lp-penalty)
Lasso I 3j1 (Li-penalty)
Elastic net Combination of | 3;1 and [5]2 (Ly and L, penalty)

In ridge regression, the coefficients on the predictors are shrunk by imposing a penalty
(ie., sz)—also written as Ly penalty—such that the ridge coefficients minimize a penalized
sum of residual squares. The disadvantage of the ridge regression is that it shrinks the
coefficients to non-zero values to prevent overfitting and keeps all the variables. Hence,
this approach is not a viable option to reduce variable selection.

As with ridge regression, Lasso regression has a shrinkage approach but with a subtle
difference: The Ly-penalty is replaced by L;-penalty (i.e., | Bj!). This method shrinks the
less important variable coefficients to zero and therefore can remove the variables that
are deemed not significant predictors for the response variable. Even though Lasso both
shrinks and selects by removing variables, studies have shown that Lasso tends to yield a
model that is more parsimonious (less complex) than the elastic net approach. The other
shortcoming of this method is that in the case of collinearity, the Lasso model selects the
variable with the strongest correlation with the response variable and drops the other
variables from the model.

In this study, we selected to use the elastic net approach for our data analysis. This
method was proposed by [92] and utilizes an algorithm called LARS-EN, which was
adapted from LARS for Lasso [96]. This method also uses both ridge and Lasso regression
penalties and combines the techniques from the two methods by learning from their
limitations to improve on the regularization of the model. Elastic net regression can be
written as follows:

Sum of squared estimate of errors (SSE)gj,qic net = g (Yi — PO — Z‘.p:l Xjj ﬁj)z + ?\E‘.p:l((l - ) [sz + oc’ Bj‘) (1)

where X = (x1, X2, ... . Xp) are input variables, « is the alpha parameter, A complexity
parameter and y is the response variable. As can be seen from the above equation, when
alpha is zero, the regression equation becomes ridge regression, and when alpha is one, the
equation becomes Lasso.

The general mechanics of the elastic net is executed in two steps. First, the algorithm
finds the ridge regression coefficient and on the second step uses a Lasso-sort of shrinkage
of the coefficients. To eliminate the limitations found in Lasso, the elastic net includes
a quadratic section of the penalty, which increases variable selection. It is worth noting
that the quadratic section of the penalty (i.e., (1 — x) sz) when used in isolation (o = 0),
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becomes ridge regression. The other advantage of elastic net regression is grouping. If
there is a very high correlation among independent variables, then this method performs
well in incorporating variables into the model that aids in better prediction accuracy, unlike
the Lasso approach, which tends to select only one variable from the highly correlated
independent variables. In addition, simulation studies done on real-world data have shown
that the elastic net approach often performs better than Lasso [92].

3.5. Validation

Cross-validation technique utilizes different samples of data to increase the overall
accuracy of the predictive model [97]. In this study, k-fold cross-validation is used as it
is the most widely used method for estimating prediction error [94]. The choice of k is
usually 5 or 10, but there is no hard and fast rule [98]. For a relatively small dataset (as
the case here), k = 10 is chosen and therefore used in the place of k, yielding the 10-fold
cross-validation. In 10-fold cross-validation, training data are randomly broken into 10
groups or folds of approximately equal sizes. The first part or fold is used for the validation
set and the rest of the data are fit for the remaining folds. This is repeated 10 times with a
different part used for error estimation.

4. Results

The descriptive statistics of variables studied are presented in Table 3. On average,
workers have higher mindfulness, power distance, and conscientiousness scores. Average
scores for extraversion and openness are almost the same for students with experience,
novice students, and workers data sets. Looking at the standard deviation (SD) columns,
both the student samples have a much higher neurotic SD than workers’ sample. The
workers’ SD is higher for conscientiousness as compared to the students with experience
and novice students” sample.

Table 3. Descriptive statistics of variables.

Variables Mean Median Standard Deviation Skewness Kurtosis
ES NS W ES NS W ES NS W ES NS W ES NS W
Ext 273 256 26.8 28 26 27 52 6.2 3.77 —-1.20 -0.05 -0.28 3.19 -0.77 —-0.76
Agr 349 361 358 34 36 36 4.8 5.0 497 039 —-058 —-0.05 -018 037 —0.52
Con 36.0 354 383 36 36 39 5.1 5.2 5.45 009 —-066 —186 —081 0.22 5.80
Neu 194 204 17.0 20 20 17.5 5.1 6.1 497 —0.31 041 —046 —-036 —-0.60 -—0.29
Open 374 370 36.8 37 37 36.5 49 5.1 4.77 —-024 0.15 0.11 —-035 —-026 0.63
PD 1.6 1.7 1.9 1.0 2.0 2.0 0.71 0.82 0.83 1.26 1.07 1.69 1.99 0.76 5.56
UA 4.6 4.5 4.3 5.0 5.0 4.0 0.50 0.57 0.87 —038 —1.06 —-192 —-196 242 5.83
IvsC 3.7 3.6 34 35 4.0 3.0 0.90 0.92 0.79 007 —-072 036 —094 0.69 0.91
MyvsF 2.4 1.8 2.2 25 1.0 2.0 1.20 1.03 1.16 0.62 1.15 0.39 —0.18 0.58 —1.29
MAAS 39 3.9 45 4.1 4.0 45 0.70 0.82 0.75 —-0.74 —-055 —-042 047 0.65 0.32

ES = students with experience (n = 39), NS = novice students (1 = 86), W = workers (n = 30). Ext = Extraversion, Agr = Agreeableness,
Con = Conscientiousness, Neu = Neuroticism, Open = Openness, PD = Power Distance, UA = Uncertainty Avoidance, IvsC = Individualism
vs. Collectivism, MvsF = Masculinity vs. Femininity, MAAS = Mindfulness Score.

The correlation matrix between all variables considered in the analysis for the students
with experience data (ES), novice students (NS), and for the construction workers” data
(W) appears in Table 4. There were no issues with multicollinearity (i.e., correlation greater
than 0.7) between independent variables (see Table 4). In addition, the Cronbach alpha of
personality, national culture and mindfulness are computed, and all the items are greater
than 0.7 (see Table 5). To test whether the common method bias exists in the collected data,
the research team also conducted Harman's single factor test. Since the cumulative percent
of variance was 20.85% (less than 50%), the impact of common method bias was not a
substantial threat.
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Table 4. Correlation matrix of variables.

Variables Ext Agr Cons Neu Open
ES NS \ ES NS w ES NS \4Y ES NS w ES NS W
Ext 1.00 1.00 1.00
Agr 0.10 0.22 ** 0.12 1.00 1.00 1.00
Con 0.33 ** 0.23 ** 0.01 0.24 ** 0.29 ** 0.52 *** 1.00 1.00 1.00
Neu 0.34 *** 0.40 *** 0.08 0.27 ** 0.22 ** 0.42 *** 0.47 *** 0.21 * 0.44 *** 1.00 1.00 1.00
Open 0.07 0.23 0.29 ** 0.26 ** 0.16 0.31 ** 0.16 0.22* 0.20 * 0.01 0.10 0.07 1.00 1.00 1.00
PD 0.04 0.12 0.22 0.11 0.21 * 0.25 ** 0.16 0.11 0.25 ** 0.06 0.14 0.23 * 0.03 0.06 0.18
UA 0.12 0.29 ** 0.09 0.08 0.16 0.39 *** 0.01 0.08 0.31 ** 0.14 0.14 0.08 0.21* 0.24 ** 0.27 %
IvsC 0.14 0.17 0.09 0.22 ** 0.12 0.14 0.21* 0.08 0.21* 0.36 *** 0.21 ** 0.23* 0.10 0.02 0.02
MvsF 0.19 % 0.07 0.32 *** 0.33 *** 0.17* 0.10 0.06 0.13 0.16 0.11 0.08 0.15 0.13 0.14 0.12
MAAS 0.28 ** 0.16 0.14 0.15* 0.25 ** 0.21 ** 0.31 ** 0.21* 0.47 *** 0.33 *** 0.22 ** 0.29 ** 0.08 0.01 0.03
Variables PD UA IvsC MvsF MAAS
ES NS W ES NS A\ ES NS W ES NS W ES NS W
Ext
Agr
Con
Neu
Open
PD 1.00 1.00 1.00
UA 0.05 0.07 0.07 1.00 1.00 1.00
IvsC 0.30 ** 0.01 0.33 *** 0.09 0.23* 0.06 1.00 1.00 1.00
MvsF 0.38 *** 0.28 ** 0.24 ** 0.15 0.05 0.10 0.15 0.15 0.21* 1.00 1.00 1.00
MAAS 0.01 0.13 0.13 0.06 0.07 0.40 *** 0.08 0.01 0.04 0.14 0.13 0.09 1.00 1.00 1.00

ES = students with experience (1 = 39), NS = novice students (1 = 86), W = workers (n = 30). Ext = Extraversion, Agr = agreeableness, Con = Conscientiousness, Neu = Neuroticism, Open = Openness, PD = Power
Distance, UA = Uncertainty Avoidance, IvsC = Individualism vs. Collectivism, MvsF = Masculinity vs. Femininity, MAAS = Mindfulness Score. * p < 0.1 ** p < 0.05, *** p < 0.01. Underlined correlation = negative
correlation
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Table 5. Number of items and Cronbach alpha for all scales.

Scales Number of Items Cronbach’s Alpha
Extraversion 8 0.81
Agreeableness 9 0.71
Conscientiousness 9 0.78
Neuroticism 8 0.79
Openness 10 0.70
Power distance 5 0.73
Uncertainty avoidance 5 0.82
Individualism vs. collectivism 6 0.78
Masculinity vs. femininity 4 0.83
MAAS 15 0.88

As described above, the research team applied the adaptive elastic net method of
estimation to select the independent variables that are significant predictors of mindfulness
score. The adaptive estimation utilizes a modified version of the L; penalty via weights
generated from the maximum likelihood estimates of the predictors to improve the overall
fit of the model. K-fold (10-fold) cross-validation compared the training set with the testing
set of the data. As the alpha value can be a value within zero and one (« € (0, 1)), the
model can move between ridge (« = 0) and Lasso regression (x =1). To select an x-alpha
value to be used in the elastic net regression, a set of values (0.10, 0.25, 0.5, 0.75, and 0.90)
were compared using a standard error value and the best alpha value was selected for
fine tuning. Table 6 shows the different alpha values and the corresponding errors. Alpha
values of 0.5, 0.25, and 0.75 were chosen to be used in the elastic regression with the least
error for students with experience, novice students, and workers datasets, respectively.

Table 6. Range of alpha values and corresponding parameter estimates and standard errors.

Students with
Experience (n = 39)

Alpha Value Estimate Std Error Estimate Std Error  Estimate Std Error

Novice Students (n = 84) Workers (n = 30)

0.10 0.596 0.077 0.670 0.064 0.378 0.069
0.25 0.556 0.078 0.668 0.058 0.399 0.067
0.50 0.587 0.065 0.663 0.067 0.414 0.059
0.75 0.549 0.073 0.686 0.065 0.423 0.052
0.90 0.588 0.079 0.652 0.061 0.434 0.056

The results of the adaptive elastic net regression with 10-fold cross-validation appear
in Table 7. As one can see, the variance inflation factor (VIF) values are less than five,
assuring no collinearity between independent variables. On the estimate column, the
elastic net regression model equates to zero for some of the independent variables. This
means the model has removed the variables from the analysis by shrinking the coefficient
all the way to zero and selected fewer variables that explain the response variable. The
negative sign of the estimates depicts an opposite relation between the predictors and the
response variable. Higher agreeableness scores positively correlate with mindfulness among
novice students, and higher neuroticism scores negatively correlate with mindfulness for
both student samples. For workers, the significant predictors are uncertainty avoidance and
conscientiousness, which all show significant positive correlation with mindfulness score.
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Table 7. Parameter estimates of predictors, Wald statistics, 95% confidence interval and variance inflation factor.
Terms Estimate Std Error Wald Chi Square Prob > Chi Square Lower 95% Upper 95% VIF
ES NS A\ ES NS w ES NS A\ ES NS W ES NS \2Y ES NS A\ ES NS W
Int 5.38 4.00 0.44 1.76 1.13 1.42 9.31 1247  0.09 <0.01** <0.01** 0.76 1.92 1.78 —235 8.84 6.23 322 0 0 0
Ext 0 0 0 0 0 0 0 0 0 1.00 1.00 1.00 0 0 0 0 0 0 0 0 0
Agr 0 0.03 —-0.03 0 0.01 0.03 0 5.06 1.44 1.00 0.02* 0.23 0 0.00 —0.09 0 0.06 002 0 093 344
Con 0.01 0.01 0.10 0.03 0.02 0.02 0.02 0.18 16.06  0.90 0.67 <0.01* —0.05 —0.03 0.05 0.06 0.04 0.15 263 155 3.04
Neu —0.08 —-0.04 -0.01 0.03 0.02 0.02 4.88 5.45 0.09 0.03 * 0.02 * 0.76 -0.14 -0.08 -—-0.06 —-0.01 —-0.01 0.04 350 225 250
Open 0 —-0.01 O 0 0.02 0 0 0.39 0 1.00 0.53 1.00 0 —-0.05 0 0 0.03 0 0 182 0
PD 0 0 —-0.01 O 0 0.14 0 0 0.00 1.00 1.00 0.94 0 0 —029 0 0 027 0 0 2.13
UA 0.17 0.05 0.34 0.22 0.13 0.10 0.60 0.17 1238 0.44 0.68 <0.01* —-027 —-0.20 0.15 0.61 0.32 053 139 1.03 1.12
IvsC —-024 —-0.09 0.11 0.11 0.10 0.14 4.60 0.91 0.55 0.03 * 0.34 0.46 -047 -027 -0.18 —0.02 0.09 039 1.18 122 204
MvsF 0 0 0 0 0 0 0 0 0 1.00 1.00 1.00 0 0 0 0 0 0 0 0 0

*p <0.05 ** p <0.01. ES = students with experience (1 = 39), NS = Novice students (n = 84), W = workers (n = 30) Int =intercept, Ext = Extraversion, Agr = agreeableness, Con = Conscientiousness,
Neu = Neuroticism, Open = Openness, PD = Power Distance, UA = Uncertainty Avoidance, IvsC = Individualism vs. Collectivism, MvsF = Masculinity vs. Femininity.
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The Wald test (also called the Wald Chi-Squared Test) is a test that examines whether
explanatory variables in a model are significant. For variable estimates that are non-zero,
the Wald test is calculated for significance, and the corresponding p-value is computed. The
lower 95% and upper 95% show confidence interval (CI) ranges at 0.05 significance. Cls
less than zero signify a negative relationship of predictors with the response variable, and
positive relationships appear in Cl ranges greater than zero. The corresponding p-values for
Wald statistic for the estimates of each variable are used to select the predicator variables if
the p-values are found to be significant (i.e., p <0.05).

The variables included in the equation are significant predictors with negative co-
efficients, showing negative direction with the response variable (mindfulness) and vice
versa with positive coefficients. The prediction expression for the dependent variable
mindfulness for students with experience, novice students, and workers can be written as
Equations (2) to (4), respectively:

MAAS students with experience = 9-38 — 0.08 x Neuroticism — 0.24 x Individualism vs. collectivism 2)
MAAS Novice students = 4:00 + 0.03 x Agreeableness — 0.04 x Neuroticism 3)
MAAS worker = —0.01 + 0.10 x Conscientiousness + 0.34 x Uncertainty avoidance. 4)

Our data show that for construction workers, conscientiousness personality trait,
and uncertainty avoidance of national culture dimensions all positively correlate with
mindfulness. Uncertainty avoidance of the culture dimension (i.e., the largest estimator)
is associated with minimizing taking risks, and individual that have high uncertainty
avoidance scores are likely to give importance to have instructions that are detailed and
closely follow instructions and procedures for standardized work. This signifies that
by avoiding uncertainty, workers are mindful of not taking short cuts that undermine
their safety. The higher conscientiousness signifies higher mindfulness score because
mindfulness is associated with higher awareness of their surroundings. Therefore, these
variables are important indicators of mindfulness among workers, and lower measure of
these variables can imply lower mindfulness and consequently lower safety performance.

Within the student data, agreeableness positively affects mindfulness for novice
students, while neuroticism was found to be negatively associated with mindfulness for
both students with experience and novice students. A higher degree of agreeableness
shows that individuals can go along with the people around them and are less combative
in nature, which is related to non-judgmental attitude of mindfulness. Neuroticism trait
of personality is associated with anxiety and stress, which negatively impact mindfulness
of individuals. The results confirm the negative association of this personality trait with
mindfulness, and higher value of neuroticism scores can be used as a predictor of lower
mindfulness. With respect to cultural dimensions, for students with experience, higher
individualism was associated with lower mindfulness. This could be because students with
experience are much younger and possibly more individualistic than workers; however, in
construction sites, workers become more risk averse due to the existence of hazards and
care more about their co-worker’s safety.

5. Discussion

Mindfulness has shown to improve cognitive processes, such as attention, e.g., [99],
which is an important factor in hazard identification and ultimately safe behavior in a
construction site. By measuring the impact of personal characteristics on mindfulness as
an indicator of attention, construction supervisors can identify at-risk workers that should
receive personalized training or assigned to less cognitive-demand activities. Results from
elastic net regression show that certain aspects of personality traits, and national culture
dimensions affect the mindfulness score of participants. The results of the analysis and
their relationship with past literature are discussed here for students with experience,
novice students and workers.
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5.1. Personality
5.1.1. Neuroticism

Analyzing the data collected from students with experience and novice students here
show that neuroticism is significantly negatively related with mindfulness. This result
confirms the outcome of previous studies outside of construction safety field that have
consistently found that neuroticism is negatively correlated with mindfulness [18,19]. This
finding can be explained with the fact that neurotic personality has been associated with
psychological distress, being distracted and lower psychological well-being [100]. Studies
have also shown that individuals who have higher neurotic scores tend to struggle with
stress [101], which is also negatively related to mindfulness. As compared to people
with higher neurotic scores, mindful people have been associated with self-regulation of
thoughts, and mental and psychological well-being [13]. In fact, mindfulness practices
have repeatedly shown positive results in stress reduction [102-104].

The fast paced, demanding, and sometimes dangerous environment of construction
sites create stressful conditions for individuals [7,105] and individuals who exhibit higher
neurotic personality are likely to be less mindful (Table 7). Being less mindful in a work
environment, such as a construction site, can put individuals in harm’s way. Investigat-
ing the relationship between neuroticism and accident involvement in the construction
industry [106] found a high correlation between the neuroticism trait score and the degree
and number of recorded injuries. In another study, Hasandazeh et al. [5] measured the
attentional distribution of workers using a mobile eye-tracking apparatus and compared
the differences in attentional allocation and situational awareness between workers with
high and low neurotic scores when exposed to fall-to-same-level hazardous situation. Re-
sults of Hasandazeh et al. experiment show that less neurotic workers are better aware
of their surroundings and are more attentive to the associated tripping hazards. In other
words, safety performance of individuals can be negatively affected for individuals who
have dominant neurotic personality trait. The findings of these studies further highlight
the significant role of neuroticism trait in increasing accident involvement of construction
workers. In addition, measuring this personality dimensions of individuals can be used as a
predictor variable to estimate their dispositional mindfulness, which is highly related with
work performance on the job [38]. To prevent potential future incidents, safety managers
should devout more resources in terms of training or mindfulness practices to workers
with higher neurotic scores.

5.1.2. Agreeableness

The results of this study also show a positive relationship between the agreeable
personality trait of novice students with mindfulness. Such a finding coincides with past
work that shows agreeable individuals are generally sociable, cooperative, caring, and
supportive of others [107]. In addition, people who are aggregable by nature tend to have
high interpersonal skills and perform very well with other individuals. They also tend to
be less combative and avoid altercation with others. These characteristics of individuals
are related to empathy towards others, which is an important aspect of mindfulness [108].
Since in a construction site, teamwork and communication are necessary to accomplish
project goals [109], agreeable individuals tend to better understand the challenges other
people face in a work environment and be more mindful. Previous studies have also shown
that individuals who have high agreeable scores tend to have better safety attitude and
consequently are involved in fewer accident on the job [16,110].

5.1.3. Conscientiousness

The conscientiousness of construction workers in this study was found to be signif-
icantly positively associated with mindfulness. These findings are consistent with the
positive role of conscientiousness with safety performance of individuals [111] as this per-
sonality trait is associated with self-regulation, where the attention of individuals is highly
increased [38]. Being attentive on a task-oriented work environment such as construction
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is vital for detecting and responding to hazards. Low scores of conscientious personality
trait can be a predictor of lower mindfulness. Since low mindfulness is an indicator of
lower attention and situational awareness, measuring personality traits related to lower
mindfulness provides an indirect measure in detecting inattentive workers.

Conscientious individuals are usually careful, reliable, dependable, and goal ori-
ented [112], and this personality trait is shown to be highly (positively) related to mind-
fulness [18,51,52,113]. Previous studies even suggested similarities between mindfulness
and conscientiousness, as both are characterized by responding rather than reacting to
stimuli [22]. Conscientious individuals have great self-regulation, which is one of the
elements of being present/attentive, a major component of being mindful that can enhance
safety performance on the job site.

5.2. National Culture
5.2.1. Individualism vs. Collectivism

This dimension of national culture was negatively correlated with the mindfulness
score for the students with experience sample. Individuals who are characterized with high
individualism usually are on their own and have opinions and beliefs independent from the
group, whereas low individualism people give opinions as a group, tend to work together,
and give high regard to harmonious working relationship [54]. Mindfulness is associated
with empathy, care, and understanding for others [14,114]. One reason that this cultural
dimension was so prevalent and negatively related to mindfulness can be explained with
the fact that students who are individualistic care less about their counterparts and will
have less mindfulness measure. The mean age difference between students with experience
(24.42 years) and construction workers (39.7 years) is quite significant. Since the younger
generation tend to be more individualistic and less socially dependable, this dimension of
national culture has shown to be a significant predictor of mindfulness for students with
experience data. In construction work, emphasis is given to workers by their peers on the
importance of teamwork and looking after one another.

5.2.2. Uncertainty Avoidance

The results of this study show that this dimension of culture is a significant predictor
of mindfulness for construction workers and the combined data. This dimension was also
positively related to mindfulness for students with experience and novice students, even
though it was not a significant predictor (see Table 7). This result implies that construction
workers tend to avoid scenarios that cause ambiguity more than both student samples.
Uncertainty avoidance measures the degree to which individuals respond to uncertain
and ambiguous situations in the future [58,115,116]. Our study found a significant rela-
tionship between the uncertainty avoidance score of the construction workers’ dataset and
their mindfulness scores. Lower scores of uncertainty avoidance signify tolerance and
acceptance in the face of uncertain future and higher scores indicate the need to avoid
uncertainty and/or taking unnecessary risk. Our finding implies that workers are aware of
the dangers that they possibly face on the construction sites and are cognizant that uncer-
tainty compromises their safety. Uncertainty avoidance is by far the strongest predictor of
mindfulness score for construction workers in this study, and this dimension can be used
by safety managers to assess workers risk taking behaviors as it relates to mindfulness.

6. Conclusions

High-risk organizations that operate in complex, high-hazard domains for extended
periods of time have been using mindfulness to increase productivity and record better
safety outcomes [44]. A growing number of studies are showing the benefits of using
mindfulness to enhance safety and increased work performance in the workplace and
suggesting that incorporating mindfulness can reduce incident occurrence. Unfortunately,
limited was known regarding the extent to which personal characteristics of workers might
impact their mindfulness state.
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References

This paper examines ways to predict mindfulness of individual using relatively static
factors—namely, by measuring personality traits and national culture. Using elastic net
regression, the results show that certain personality traits and national cultural dimensions
are associated with individuals’ dispositional mindfulness and the extent of influence of
these variables can vary according to the levels of working experience in the construction
industry. By detecting workers with lower mindfulness, the results of this study will enable
safety managers to develop a more mindful workforce at construction sites by providing
targeted training programs for workers with lower mindfulness or assigning those less
mindful workers to activities that do not require higher levels of attention.

There are some limitations related to this study that are worth mentioning. First, the
sample size of the study is limited to participants in the Northern Virginia region. Although
the participants in the study came from a diverse background (workers and students
consisted of Hispanic, black, and white), more data should be collected from diverse
population of workers across the United States to generalize the results. Second, as limited
number of variables are considered in the model, future studies should be conducted
to investigate the role of other personal characteristics on mindfulness of construction
workers. Third, potential sources of common method bias such as item characteristics,
item context, or measurement context may affect the results of the findings [117], even
though the variables passed the Harman’s single factor test (20.85% < 50%). Despite
these limitations, this study contributes to the body of knowledge and have the potential
to reduce cost of safety programs by enabling safety managers to provide personalized
interventions for their workers according to their personal characteristics.

Author Contributions: All authors contributed to the idea and concept of this study. Validation, T.S.;
formal evaluation and analysis: T.S.; writing—original draft preparation, B.E.; writing—review and
editing, T.S. and B.E.; supervision, T.S.; project administration, B.E.; funding acquisition, B.E.; All
authors have read and agreed to the published version of the manuscript.

Funding: The National Science Foundation is thanked for supporting the research reported in this
paper through the Decision, Risk, and Management Sciences (DRMS) program. This paper is based
on work supported by the National Science Foundation under Grant No. 1824238. Any opinions,
findings, and conclusions or recommendations expressed in this material are those of the authors
and do not necessarily reflect the views of the National Science Foundation.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of
George Mason University (protocol code: 1152313-4 and date of approval: 26 March 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data, models, or code generated or used during the study are
available from the corresponding author by request.

Acknowledgments: The authors also would like to thank the workers and students who participated
in this study. Appreciation is extended to professional safety managers for their support in this study.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Table 4. Fatal Occupational Injuries for Selected Industries, 2015-2019. Available online: https://www.bls.gov/news.release/ cfoi.
t04.htm (accessed on 8 March 2021).

2. Waehrer, G.M.; Dong, X.S.; Miller, T.; Men, Y.; Haile, E. Occupational Injury Costs and Alternative Employment in Construction
Trades. J. Occup. Environ. Med. 2007, 49, 1218-1227. [CrossRef] [PubMed]

3. Hoonakker, P.; van Duivenbooden, C. Monitoring Working Conditions and Health of Older Workers in Dutch Construction
Industry. Am. J. Ind. Med. 2010, 53, 641-653. [CrossRef] [PubMed]

4. Sobeih, T.; Salem, O.; Genaidy, A.; Abdelhamid, T.; Shell, R. Psychosocial Factors and Musculoskeletal Disorders in the
Construction Industry. J. Constr. Eng. Manag. 2009, 135, 267-277. [CrossRef]

5. Hasanzadeh, S.; Esmaeili, B.; Dodd, M.D. Examining the Relationship between Construction Workers’ Visual Attention and
Situation Awareness under Fall and Tripping Hazard Conditions: Using Mobile Eye Tracking. J. Constr. Eng. Manag. 2018, 144,

04018060. [CrossRef]


https://www.bls.gov/news.release/cfoi.t04.htm
https://www.bls.gov/news.release/cfoi.t04.htm
http://doi.org/10.1097/JOM.0b013e318156ed24
http://www.ncbi.nlm.nih.gov/pubmed/17993926
http://doi.org/10.1002/ajim.20838
http://www.ncbi.nlm.nih.gov/pubmed/20506462
http://doi.org/10.1061/(ASCE)0733-9364(2009)135:4(267)
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001516

Int. J. Environ. Res. Public Health 2021, 18, 4998 18 of 21

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Langdon, R.R.; Sawang, S. Construction Workers” Well-Being: What Leads to Depression, Anxiety, and Stress? J. Constr. Eng.
Manag. 2018, 144, 04017100. [CrossRef]

Leung, M.-Y.; Skitmore, M.; Chan, Y.S. Subjective and Objective Stress in Construction Cost Estimation. Constr. Manag. Econ. 2007,
25,1063-1075. [CrossRef]

Leung, M.; Chan, Y.-S.; Yu, ]. Integrated Model for the Stressors and Stresses of Construction Project Managers in Hong Kong. J.
Constr. Eng. Manag. 2009, 135, 126-134. [CrossRef]

Leung, M.; Chan, 1.Y.S,; Yu, J. Preventing Construction Worker Injury Incidents through the Management of Personal Stress and
Organizational Stressors. Accid. Anal. Prev. 2012, 48, 156-166. [CrossRef]

Martin, L.F.; Wachter, ].K. Art & Science of Mindfulness in the Practice of Safety. Prof. Saf. 2018, 63, 30-33.

Bodhi, B. What Does Mindfulness Really Mean? A Canonical Perspective. Contemp. Buddhism. 2011, 12, 19-39. [CrossRef]
Hayes, S.C.; Luoma, ].B.; Bond, EW.; Masuda, A.; Lillis, ]. Acceptance and Commitment Therapy: Model, Processes and Outcomes.
Behav. Res. Ther. 2006, 44, 1-25. [CrossRef]

Brown, KW,; Ryan, R.M.; Creswell, ].D. Mindfulness: Theoretical Foundations and Evidence for Its Salutary Effects. Psychol. Ing.
2007, 18, 211-237. [CrossRef]

Brown, K.W.; Ryan, R.M. The Benefits of Being Present: Mindfulness and Its Role in Psychological Well-Being. |. Personal. Soc.
Psychol. 2003, 84, 822-848. [CrossRef] [PubMed]

Nolan, C. Safety Mindfulness: The Incorporation of Low-Dose Mindfulness as a Leading-Edge Safety Intervention. Mas-
ter’s.Thesis, Pepperdine University, Malibu, CA, USA, 2017.

Clarke, S.; Robertson, I.T. A Meta-Analytic Review of the Big Five Personality Factors and Accident Involvement in Occupational
and Non-Occupational Settings. J. Occup. Organ. Psychol. 2005, 78, 355-376. [CrossRef]

Hasanzadeh, S.; Dao, B.; Esmaeili, B.; Dodd, M.D. Role of Personality in Construction Safety: Investigating the Relationships
between Personality, Attentional Failure, and Hazard Identification under Fall-Hazard Conditions. J. Constr. Eng. Manag. 2019,
145, 04019052. [CrossRef]

Giluk, T.L. Mindfulness, Big Five Personality, and Affect: A Meta-Analysis. Personal. Individ. Differ. 2009, 47, 805-811. [CrossRef]
Latzman, R.D.; Masuda, A. Examining Mindfulness and Psychological Inflexibility within the Framework of Big Five Personality.
Personal. Individ. Differ. 2013, 55, 129-134. [CrossRef]

Kabat-Zinn, J. Wherever You Go, There You Are: Mindfulness Meditation in Everyday Life; Hachette Books: New York, NY, USA, 1994;
ISBN 978-0-7868-8070-6.

Grossman, P. On Measuring Mindfulness in Psychosomatic and Psychological Research. J. Psychosom. Res. 2008, 64, 405-408.
[CrossRef]

Kabat-Zinn, J. Full Catastrophe Living: Using the Wisdom of Your Body and Mind to Face Stress, Pain, and Illness; Delacorte Press: New
York, NY, USA, 1990; ISBN 978-0-385-29897-1.

King, A.P; Erickson, T.M.; Giardino, N.D.; Favorite, T.; Rauch, S.A.M.; Robinson, E.; Kulkarni, M.; Liberzon, I. A Pilot Study of
Group Mindfulness-Based Cognitive Therapy (MBCT) for Combat Veterans with Posttraumatic Stress Disorder (PTSD). Depress.
Anxiety 2013, 30, 638-645. [CrossRef]

Good, D.J.; Lyddy, C.J.; Glomb, T.M.; Bono, J.E.; Brown, KW.; Duffy, M.K; Baer, R.A ; Brewer, J.A.; Lazar, S.W. Contemplating
Mindfulness at Work: An Integrative Review. J. Manag. 2016, 42, 114-142. [CrossRef]

Kao, K.Y.; Thomas, C.L.; Spitzmueller, C.; Huang, Y. Being Present in Enhancing Safety: Examining the Effects of Workplace
Mindfulness, Safety Behaviors, and Safety Climate on Safety Outcomes. . Bus. Psychol. 2019, 1-15. [CrossRef]

Baer, R.A.; Smith, G.T.; Hopkins, J.; Krietemeyer, ]J.; Toney, L. Using Self-Report Assessment Methods to Explore Facets of
Mindfulness. Assessment 2006, 13, 27-45. [CrossRef]

Baer, R.A.; Smith, G.T.; Allen, K.B. Assessment of Mindfulness by Self-Report: The Kentucky Inventory of Mindfulness Skills.
Assessment 2004, 11, 191-206. [CrossRef]

Cardaciotto, L.; Herbert, J.D.; Forman, E.M.; Moitra, E.; Farrow, V. The Assessment of Present-Moment Awareness and Acceptance:
The Philadelphia Mindfulness Scale. Assessment 2008, 15, 204-223. [CrossRef]

Feldman, G.; Hayes, A.; Kumar, S.; Greeson, J.; Laurenceau, J.-P. Mindfulness and Emotion Regulation: The Development and
Initial Validation of the Cognitive and Affective Mindfulness Scale-Revised (CAMS-R). J. Psychopathol. Behav. Assess. 2006, 29, 177.
[CrossRef]

Walach, H.; Buchheld, N.; Buttenmidiller, V.; Kleinknecht, N.; Schmidt, S. Measuring Mindfulness—the Freiburg Mindfulness
Inventory (FMI). Personal. Individ. Differ. 2006, 40, 1543—1555. [CrossRef]

Chadwick, P; Hember, M.; Symes, J.; Peters, E.; Kuipers, E.; Dagnan, D. Responding Mindfully to Unpleasant Thoughts and
Images: Reliability and Validity of the Southampton Mindfulness Questionnaire (SMQ). Br. J. Clin. Psychol. 2008, 47, 451-455.
[CrossRef]

Lau, M.A; Bishop, S.R.; Segal, Z.V.; Buis, T.; Anderson, N.D.; Carlson, L.; Shapiro, S.; Carmody, J.; Abbey, S.; Devins, G. The
Toronto Mindfulness Scale: Development and Validation. J. Clin. Psychol. 2006, 62, 1445-1467. [CrossRef]

Qu, Y.E; Dasborough, M.T.; Todorova, G. Which Mindfulness Measures to Choose to Use? Ind. Organ. Psychol. 2015, 8, 710-723.
[CrossRef]

MacKillop, J.; Anderson, E.J. Further Psychometric Validation of the Mindful Attention Awareness Scale (MAAS). |. Psychopathol
Behav. Assess. 2007, 29, 289-293. [CrossRef]


http://doi.org/10.1061/(ASCE)CO.1943-7862.0001406
http://doi.org/10.1080/01446190701573296
http://doi.org/10.1061/(ASCE)0733-9364(2009)135:2(126)
http://doi.org/10.1016/j.aap.2011.03.017
http://doi.org/10.1080/14639947.2011.564813
http://doi.org/10.1016/j.brat.2005.06.006
http://doi.org/10.1080/10478400701598298
http://doi.org/10.1037/0022-3514.84.4.822
http://www.ncbi.nlm.nih.gov/pubmed/12703651
http://doi.org/10.1348/096317905X26183
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001673
http://doi.org/10.1016/j.paid.2009.06.026
http://doi.org/10.1016/j.paid.2013.02.019
http://doi.org/10.1016/j.jpsychores.2008.02.001
http://doi.org/10.1002/da.22104
http://doi.org/10.1177/0149206315617003
http://doi.org/10.1007/s10869-019-09658-3
http://doi.org/10.1177/1073191105283504
http://doi.org/10.1177/1073191104268029
http://doi.org/10.1177/1073191107311467
http://doi.org/10.1007/s10862-006-9035-8
http://doi.org/10.1016/j.paid.2005.11.025
http://doi.org/10.1348/014466508X314891
http://doi.org/10.1002/jclp.20326
http://doi.org/10.1017/iop.2015.105
http://doi.org/10.1007/s10862-007-9045-1

Int. J. Environ. Res. Public Health 2021, 18, 4998 19 of 21

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Carlson, L.E.; Brown, K.W. Validation of the Mindful Attention Awareness Scale in a Cancer Population. J. Psychosom. Res. 2005,
58,29-33. [CrossRef]

Cordon, S.L.; Finney, S.J. Measurement Invariance of the Mindful Attention Awareness Scale across Adult Attachment Style.
Meas. Eval. Couns. Dev. 2008, 40, 228-245. [CrossRef]

Dierynck, B.; Leroy, H.; Savage, G.T.; Choi, E. The Role of Individual and Collective Mindfulness in Promoting Occupational
Safety in Health Care. Med. Care Res. Rev. 2017, 74, 79-96. [CrossRef]

Glomb, T.M.; Duffy, M.K,; Bono, ].E.; Yang, T. Mindfulness at Work. In Research in Personnel and Human Resources Management;
Joshi, A., Liao, H.]., Martocchio, J., Eds.; Emerald Group Publishing Limited: Bingley, UK, 2011; Volume 30, pp. 115-157. ISBN
978-0-85724-554-0.

Zhang, J.; Ding, W.; Li, Y.; Wu, C. Task Complexity Matters: The Influence of Trait Mindfulness on Task and Safety Performance
of Nuclear Power Plant Operators. Personal. Individ. Differ. 2013, 55, 433-439. [CrossRef]

Zhang, J.; Wu, C. The Influence of Dispositional Mindfulness on Safety Behaviors: A Dual Process Perspective. Accid. Anal. Prev.
2014, 70, 24-32. [CrossRef] [PubMed]

Huber, K.E.; Hill, S.E.; Merritt, S.M. Minding the Gap: Extending Mindfulness to Safety-Critical Occupations. Ind. Organ. Psychol.
2015, 8, 699-705. [CrossRef]

Betts, K.R.; Hinsz, V.B. Mindful Attention and Awareness Predict Self-Reported Food Safety Practices in the Food Service Industry.
Curr. Psychol. 2015, 34, 191-206. [CrossRef]

Liang, Q.; Leung, M.-Y. Analysis of the relationships between mindfulness and stress for construction professionals. In Pro-
ceedings of the 31st Annual ARCOM Conference, Lincoln, UK, 7-9 September 2015; Raidén, A.B., Aboagye-Nimo, E., Eds.;
Association of Researchers in Construction Management: Tat Chee Avenue, Kowloon Tong, Hong Kong; pp. 469—478.

Leung, M.; Liang, Q.; Yu, J. Development of a Mindfulness-Stress-Performance Model for Construction Workers. Constr. Manag.
Econ. 2016, 34, 110-128. [CrossRef]

Solomon, T.; Esmaeili, B. Exploring the Relationship between Mindfulness and Personality to Improve Construction Safety and
Work Performance. Am. Soc. Civ. Eng. Construction Research Congress 2020, 472-480. [CrossRef]

Pervin, L.A.; John, O.P. Handbook of Personality: Theory and Research; The Big Five Trait Taxonomy: History, Measurement, and
Theoretical Perspectives; Guilford Press: New York, NY, USA, 1999; pp. 102-138. ISBN 978-1-57230-483-3.

Norman, W.T. 2800 Personality Trait Descriptors—Normative Operating Characteristics for a University Population; Department of
Psychology, University of Michigan: Ann Arbor, MI, USA, 1967.

Goldberg, L.R. The Development of Markers for the Big-Five Factor Structure. Psychol. Assess. 1992, 4, 26-42. [CrossRef]
McCrae, RR; Costa, P.T., Jr. The five-factor theory of personality. In Handbook of Personality: Theory and Research, 3rd ed.; The
Guilford Press: New York, NY, USA, 2008; pp. 159-181. ISBN 978-1-59385-836-0.

John, O.P; Srivastava, S. The Big Five Trait taxonomy: History, measurement, and theoretical perspectives. In Handbook of
Personality: Theory and Research, 2nd ed.; Guilford Press: New York, NY, USA, 1999; pp. 102-138. ISBN 978-1-57230-483-3.
Tucker, R.P; O’Keefe, V.M.; Cole, A.B.; Rhoades-Kerswill, S.; Hollingsworth, D.W.; Helle, A.C.; DeShong, H.L.; Mullins-Sweatt,
S.N.; Wingate, L.R. Mindfulness Tempers the Impact of Personality on Suicidal Ideation. Personal. Individ. Differ. 2014, 68, 229-233.
[CrossRef]

Hanley, A.W. The Mindful Personality: Associations between Dispositional Mindfulness and the Five Factor Model of Personality.
Personal. Individ. Differ. 2016, 91, 154-158. [CrossRef]

Grossmann, I.; Ellsworth, P.C.; Hong, Y. Culture, Attention, and Emotion. J. Exp. Psychol. Gen. 2012, 141, 31-36. [CrossRef]
[PubMed]

Mohamed, S.; Ali, T.H.; Tam, W.Y.V. National Culture and Safe Work Behaviour of Construction Workers in Pakistan. Saf. Sci.
2009, 47, 29-35. [CrossRef]

Trajkovski, S.; Loosemore, M. Safety Implications of Low-English Proficiency among Migrant Construction Site Operatives. Int. J.
Proj. Manag. 2006, 24, 446-452. [CrossRef]

Chan, A.P.C; Javed, A.A.; Lyu, S.; Hon, CK.H.; Wong, EK.W. Strategies for Improving Safety and Health of Ethnic Minority
Construction Workers. J. Constr. Eng. Manag. 2016, 142, 05016007. [CrossRef]

Al-Bayati, A.J.; Abudayyeh, O.; Fredericks, T.; Butt, S.E. Managing Cultural Diversity at U.S. Construction Sites: Hispanic
Workers’ Perspectives. . Constr. Eng. Manag. 2017, 143, 04017064. [CrossRef]

Al-Bayati, A.].; Abudayyeh, O.; Fredericks, T.; Butt, S.E. Reducing Fatality Rates of the Hispanic Workforce in the U.S. Construction
Industry: Challenges and Strategies. J. Constr. Eng. Manag. 2017, 143, 04016105. [CrossRef]

Lin, K.-Y,; Lee, W.; Azari, R.; Migliaccio, G.C. Training of Low-Literacy and Low-English-Proficiency Hispanic Workers on
Construction Fall Fatality. J. Manag. Eng. 2018, 34, 05017009. [CrossRef]

Mearns, K.; Yule, S. The Role of National Culture in Determining Safety Performance: Challenges for the Global Oil and Gas
Industry. Saf. Sci. 2009, 47, 777-785. [CrossRef]

Koch, C. From Crew to Country? Local and National Construction Safety Cultures in Denmark. Constr. Manag. Econ. 2013, 31,
691-703. [CrossRef]

Merriti, A.C.; Helmreich, R.L. Human Factors on the Flight Deck: The Influence of National Culture. . Cross-Cult. Psychol. 1996,
27,5-24. [CrossRef]


http://doi.org/10.1016/j.jpsychores.2004.04.366
http://doi.org/10.1080/07481756.2008.11909817
http://doi.org/10.1177/1077558716629040
http://doi.org/10.1016/j.paid.2013.04.004
http://doi.org/10.1016/j.aap.2014.03.006
http://www.ncbi.nlm.nih.gov/pubmed/24686163
http://doi.org/10.1017/iop.2015.103
http://doi.org/10.1007/s12144-014-9251-4
http://doi.org/10.1080/01446193.2016.1147652
http://doi.org/10.1061/9780784482872.051
http://doi.org/10.1037/1040-3590.4.1.26
http://doi.org/10.1016/j.paid.2014.05.001
http://doi.org/10.1016/j.paid.2015.11.054
http://doi.org/10.1037/a0023817
http://www.ncbi.nlm.nih.gov/pubmed/21639670
http://doi.org/10.1016/j.ssci.2008.01.003
http://doi.org/10.1016/j.ijproman.2005.11.004
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001148
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001359
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001269
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000573
http://doi.org/10.1016/j.ssci.2008.01.009
http://doi.org/10.1080/01446193.2013.787490
http://doi.org/10.1177/0022022196271001

Int. J. Environ. Res. Public Health 2021, 18, 4998 20 of 21

63.
64.
65.
66.
67.

68.
69.

70.

71.

72.

73.

74.
75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Arciniega, G.M.; Anderson, T.C.; Tovar-Blank, Z.G.; Tracey, T.].G. Toward a Fuller Conception of Machismo: Development of a
Traditional Machismo and Caballerismo Scale. J. Couns. Psychol. 2008, 55, 19-33. [CrossRef]

Brunette, M.]. Construction Safety Research in the United States: Targeting the Hispanic Workforce. Inj. Prev. 2004, 10, 244-248.
[CrossRef]

Vazquez, R.E,; Stalnaker, C.K. Latino Workers in the Construction Industry. Prof. Saf. 2004, 49, 24-28.

Mahalingam, A.; Levitt, R.E. Safety Issues on Global Projects. |. Constr. Eng. Manag. 2007, 133, 506-516. [CrossRef]

Mann, L.; Radford, M.; Kanagawa, C. Cross-Cultural Differences in Children’s Use of Decision Rules: A Comparison between
Japan and Australia. J. Personal. Soc. Psychol. 1985, 49, 1557-1564. [CrossRef]

Hofstede, G. Culture and Organizations. Int. Stud. Manag. Organ. 1980, 10, 15-41. [CrossRef]

Hofstede, G.; Hofstede, G.J. Cultures and Organizations: Software of the Mind; McGraw-Hill: New York, NY, USA, 2005; ISBN
978-0-07-143959-6.

Hofstede, G.; Hofstede, G.J.; Minkov, M. Cultures and Organizations: Software of the Mind: Intercultural Cooperation and Its Importance
for Survival, 3rd ed.; McGraw-Hill: New York, NY, USA, 2010; ISBN 978-0-07-166418-9.

Jones, M. Hofstede—Culturally Questionable? Faculty of Commerce—Papers (Archive); Faculty of Commerce: Rondebosch, South
Africa, 2007.

Yoo, B.; Donthu, N.; Lenartowicz, T. Measuring Hofstede’s Five Dimensions of Cultural Values at the Individual Level: Develop-
ment and Validation of CVSCALE. J. Int. Consum. Mark. 2011, 23, 193-210. [CrossRef]

Dorfman, PW.; Howell, J.P. Dimensions of National Culture and Effective Leadership Patterns: Hofstede Revisited. Adv. Int.
Comp. Manag. 1988, 3, 127-150.

Kluckhohn, ER,; Strodtbeck, F.L. Variations in Value Orientations; Row, Peterson: Oxford, England, 1961; pp. xiv, 450.

Fischer, R.; Vauclair, C.-M.; Fontaine, ].R.J.; Schwartz, S.H. Are Individual-Level and Country-Level Value Structures Different?
Testing Hofstede’s Legacy with the Schwartz Value Survey. J. Cross-Cult. Psychol. 2010, 41, 135-151. [CrossRef]

Paul, P; Roy, A.; Mukhopadhyay, K. The Impact of Cultural Values on Marketing Ethical Norms: A Study in India and the United
States. J. Int. Mark. 2006, 14, 28-56. [CrossRef]

Smith, B.A. Relationship Management in the Sales Organization: An Examination of Leadership Style and Cultural Orientation
in Sales Manager and Salesperson Dyads. Ph.D. Thesis, Drexel University, Philadelphia, PA, USA, March 2004.

Kwok, S.; Uncles, M. Sales Promotion Effectiveness: The Impact of Consumer Differences at an Ethnic-group Level. J. Prod. Brand
Manag. 2005, 14, 170-186. [CrossRef]

Soares, A.M.; Farhangmehr, M.; Shoham, A. Hofstede’s Dimensions of Culture in International Marketing Studies. |. Bus. Res.
2007, 60, 277-284. [CrossRef]

Alrawi, K,; Jaber, K. Differential Responses to Managerial Incentives among Workers: Case study. J. Int. Cross-Cult. Stud. 2008, 2,
1-20.

Chan, KW.; Yim, CK,; Lam, S.SK. Is Customer Participation in Value Creation a Double-Edged Sword? Evidence from
Professional Financial Services across Cultures. . Mark. 2010, 74, 48-64. [CrossRef]

Habibnezhad, M.; Esmaeili, B. The Influence of Individual Cultural Values on Construction Workers” Risk Perception. In
Proceedings of the 52nd ASC Annual International Conference, Provo, UT, USA, 15 April 2016.

Mazanec, J.A.; Crotts, ]J.C.; Gursoy, D.; Lu, L. Homogeneity versus Heterogeneity of Cultural Values: An Item-Response
Theoretical Approach Applying Hofstede’s Cultural Dimensions in a Single Nation. Tour. Manag. 2015, 48, 299-304. [CrossRef]
Loosemore, M.; Muslmani, H.S.A. Construction Project Management in the Persian Gulf: Inter-Cultural Communication. Int. |.
Proj. Manag. 1999, 17, 95-100. [CrossRef]

Flynn, M.A. Safety & the Diverse Workforce: Lessons from NIOSH’s Work with Latino Immigrants. Prof. Saf. 2014, 59, 52-57.
Grossman, P. Defining Mindfulness by How Poorly I Think I Pay Attention during Everyday Awareness and Other Intractable
Problems for Psychology’s (Re)Invention of Mindfulness: Comment on Brown et al. (2011). Psychol. Assess. 2011, 23, 1034-1040.
[CrossRef] [PubMed]

Hasanzadeh, S.; Esmaeili, B.; Dodd, M.D. Measuring the Impacts of Safety Knowledge on Construction Workers” Attentional
Allocation and Hazard Detection Using Remote Eye-Tracking Technology. J. Manag. Eng. 2017, 33, 04017024. [CrossRef]
Solomon, T.; Hasanzadeh, S.; Esmaeili, B.; Dodd, M.D. Impact of Change Blindness on Worker Hazard Identification at Jobsites. J.
Manag. Eng. 2021, 37,04021021. [CrossRef]

Whittingham, M.].; Stephens, P.A.; Bradbury, R.B.; Freckleton, R.P. Why Do We Still Use Stepwise Modelling in Ecology and
Behaviour? |. Anim. Ecol. 2006, 75, 1182-1189. [CrossRef] [PubMed]

Mundry, R.; Nunn, C.L. Stepwise Model Fitting and Statistical Inference: Turning Noise into Signal Pollution. Am. Nat. 2009, 173,
119-123. [CrossRef]

Hesterberg, T.; Choi, N.H.; Meier, L.; Fraley, C. Least Angle and ¢1 Penalized Regression: A Review. Stat. Surv. 2008, 2, 61-93.
[CrossRef]

Zou, H.; Hastie, T. Regularization and Variable Selection via the Elastic Net. J. R. Stat. Soc.Ser. B (Stat. Methodol.) 2005, 67, 301-320.
[CrossRef]

Tibshirani, R. Regression Shrinkage and Selection Via the Lasso. . R. Stat. Soc. Ser. B (Methodol.) 1996, 58, 267-288. [CrossRef]


http://doi.org/10.1037/0022-0167.55.1.19
http://doi.org/10.1136/ip.2004.005389
http://doi.org/10.1061/(ASCE)0733-9364(2007)133:7(506)
http://doi.org/10.1037/0022-3514.49.6.1557
http://doi.org/10.1080/00208825.1980.11656300
http://doi.org/10.1080/08961530.2011.578059
http://doi.org/10.1177/0022022109354377
http://doi.org/10.1509/jimk.14.4.28
http://doi.org/10.1108/10610420510601049
http://doi.org/10.1016/j.jbusres.2006.10.018
http://doi.org/10.1509/jmkg.74.3.048
http://doi.org/10.1016/j.tourman.2014.11.011
http://doi.org/10.1016/S0263-7863(98)00030-1
http://doi.org/10.1037/a0022713
http://www.ncbi.nlm.nih.gov/pubmed/22122674
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000526
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000908
http://doi.org/10.1111/j.1365-2656.2006.01141.x
http://www.ncbi.nlm.nih.gov/pubmed/16922854
http://doi.org/10.1086/593303
http://doi.org/10.1214/08-SS035
http://doi.org/10.1111/j.1467-9868.2005.00503.x
http://doi.org/10.1111/j.2517-6161.1996.tb02080.x

Int. J. Environ. Res. Public Health 2021, 18, 4998 21 of 21

94.

95.

96.
97.

98.
99.

100.

101.
102.

103.

104.

105.

106.

107.

108.

109.
110.

111.
112.
113.
114.
115.
116.

117.

Hastie, T.; Tibshirani, R.; Friedman, J. Linear Methods for Regression. In The Elements of Statistical Learning: Data Mining, Inference,
and Prediction; Hastie, T., Tibshirani, R., Friedman, J., Eds.; Springer Series in Statistics; Springer: New York, NY, USA, 2009;
pp- 43-99. ISBN 978-0-387-84858-7.

Crotty, M,; Institute, S.; Barker, C.; Institute, S. Penalizing Your Models: An Overview of the Generalized Regression Platform; SAS
Institute: Cary, NC, USA, 2014.

Efron, B.; Hastie, T.; Johnstone, L; Tibshirani, R. Least Angle Regression. Ann. Stat. 2004, 32, 407—499. [CrossRef]

Medvedeva, M.; Vols, M.; Wieling, M. Using Machine Learning to Predict Decisions of the European Court of Human Rights.
Artif. Intell. Law. 2020, 28, 237-266. [CrossRef]

Kuhn, M.; Johnson, K. Applied Predictive Modeling; Springer: New York, NY, USA, 2013; ISBN 978-1-4614-6848-6.

Chiesa, A.; Calati, R.; Serretti, A. Does Mindfulness Training Improve Cognitive Abilities? A Systematic Review of Neuropsycho-
logical Findings. Clin. Psychol. Rev. 2011, 31, 449—-464. [CrossRef]

Widiger, T.A.; Oltmanns, J.R. Neuroticism Is a Fundamental Domain of Personality with Enormous Public Health Implications.
World Psychiatry 2017, 16, 144-145. [CrossRef]

Costa, PT.; McCrae, R.R. Four Ways Five Factors Are Basic. Personal. Individ. Differ. 1992, 13, 653-665. [CrossRef]

Grossman, P.; Niemann, L.; Schmidt, S.; Walach, H. Mindfulness-Based Stress Reduction and Health Benefits: A Meta-Analysis. J.
Psychosom. Res. 2004, 57, 35-43. [CrossRef]

Carmody, J.; Baer, R.A. Relationships between Mindfulness Practice and Levels of Mindfulness, Medical and Psychological
Symptoms and Well-Being in a Mindfulness-Based Stress Reduction Program. J. Behav. Med. 2008, 31, 23-33. [CrossRef] [PubMed]
Zohlierczyk—Zreda, D.; Sanderson, M.; Bedyriska, S. Mindfulness-Based Stress Reduction for Managers: A Randomized Controlled
Study. Occup. Med. 2016, 66, 630-635. [CrossRef] [PubMed]

Leung, M.-Y.; Ng, S.; Skitmore, M.; Cheung, S.-O. Critical Stressors Influencing Construction Estimators in Hong Kong. Constr.
Manag. Econ. 2005, 23, 33—43. [CrossRef]

Sing, C.P; Love, PE.D.; Fung, LW.H.; Edwards, D.]. Personality and Occupational Accidents: Bar Benders in Guangdong Province,
Shenzhen, China. J. Constr. Eng. Manag. 2014, 140, 05014005. [CrossRef]

Barrick, M.R.; Mount, M.K; Li, N. The Theory of Purposeful Work Behavior: The Role of Personality, Higher-Order Goals, and
Job Characteristics. Acad. Manag. Rev. 2013, 38, 132-153. [CrossRef]

Surguladze, S.; George, C.; Revazishvili, T.; Dzadzamia, N.; Tatia, R.; Iashvili, N.; Bergen-Cico, D. Mindfulness as a Mediating
Factor between Empathy and Burnout in People of Caring Professions. Int. |. Psychol. Psychoanal. 2018, 4, 1-6. [CrossRef]

Spatz, D.M. Team building in Construction. Pract. Period. Struct. Des. Constr. 2000, 5, 93-105. [CrossRef]

Cellar, D.F,; Nelson, Z.C.; Yorke, C.M.; Bauer, C. The Five-factor Model and Safety in the Workplace: Investigating the Relation-
ships between Personality and Accident Involvement. J. Prev. Interv. Community 2001, 22, 43-52. [CrossRef]

Pourmazaherian, M.; Baqutayan, S.M.S.; Idrus, D. The Role of the Big Five Personality Factors on Accident: A Case of Accidents
in Construction Industries. J. Sci. Technol. Innov. Policy 2018, 3, 46-55.

Gosling, S.D.; Rentfrow, PJ.; Swann, W.B. A Very Brief Measure of the Big-Five Personality Domains. J. Res. Pers. 2003, 37,
504-528. [CrossRef]

Thompson, B.L.; Waltz, J. Everyday Mindfulness and Mindfulness Meditation: Overlapping Constructs or Not? Personal. Individ.
Differ. 2007, 43, 1875-1885. [CrossRef]

Wallace, B.A. Intersubjectivity in Indo-Tibetan Buddhism. J. Conscious. Stud. 2001, 8, 209-230.

Hofstede, G. The Business of International Business Is Culture. Int. Bus. Rev. 1994, 3, 1-14. [CrossRef]

House, R.]J.; Hanges, PJ.; Javidan, M.; Dorfman, PW.; Gupta, V. Culture, Leadership, and Organizations: The GLOBE Study of 62
Societies; SAGE Publications: Thousand Oaks, CA, USA, 2004; ISBN 978-1-4522-0812-1.

Podsakoff, PM.; MacKenzie, S.B.; Lee, ].-Y.; Podsakoff, N.P. Common Method Biases in Behavioral Research: A Critical Review of
the Literature and Recommended Remedies. J. Appl. Psychol. 2003, 88, 879-903. [CrossRef] [PubMed]


http://doi.org/10.1214/009053604000000067
http://doi.org/10.1007/s10506-019-09255-y
http://doi.org/10.1016/j.cpr.2010.11.003
http://doi.org/10.1002/wps.20411
http://doi.org/10.1016/0191-8869(92)90236-I
http://doi.org/10.1016/S0022-3999(03)00573-7
http://doi.org/10.1007/s10865-007-9130-7
http://www.ncbi.nlm.nih.gov/pubmed/17899351
http://doi.org/10.1093/occmed/kqw091
http://www.ncbi.nlm.nih.gov/pubmed/27440398
http://doi.org/10.1080/01446190410001678099
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000858
http://doi.org/10.5465/amr.2010.0479
http://doi.org/10.23937/2572-4037.1510023
http://doi.org/10.1061/(ASCE)1084-0680(2000)5:3(93)
http://doi.org/10.1300/J005v22n01_05
http://doi.org/10.1016/S0092-6566(03)00046-1
http://doi.org/10.1016/j.paid.2007.06.017
http://doi.org/10.1016/0969-5931(94)90011-6
http://doi.org/10.1037/0021-9010.88.5.879
http://www.ncbi.nlm.nih.gov/pubmed/14516251

	Introduction 
	Literature Review 
	Mindfulness 
	Measuring Mindfulness 
	Mindfulness and Safety Performance 

	Personality 
	National Culture 
	Measuring Culture at the Individual Level 
	Role of National Culture in Construction Safety 


	Materials and Methods 
	Data Collection Instruments 
	Dependent Variable 
	Independent Variables 

	Participants 
	Data Analysis Approach 
	Penalization Methods 
	Validation 

	Results 
	Discussion 
	Personality 
	Neuroticism 
	Agreeableness 
	Conscientiousness 

	National Culture 
	Individualism vs. Collectivism 
	Uncertainty Avoidance 


	Conclusions 
	References

