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ABSTRACT KEYWORDS

Unsafe acts of ship officers have been a direct cause of many maritime Maritime safety; shipping
accidents. In the maritime industry, much effort has been made to prevent management; safety climate;
unsafe acts and to improve safe behaviours of ship officers. The positive safety consciousness; safety
effect of organizational safety climate on human behaviour has been well ~ Pehaviour

documented in the literature. Within this context, this paper aims to

pioneer the development of the measurement constructs of safety climate

in shipping operations and analyze its impact on safety consciousness and

behaviour of ship officers. Using primary data collected from 284 deck

officers and captains, an exploratory and confirmatory factor analysis and

a structural equation model are used to reveal the relationship among the

constructs of safety climate, safety consciousness and safety behaviour.

The research results show that (1) safety climate generates a direct posi-

tive effect on safety consciousness and behaviour; (2) safety conscious-

ness has a positive effect on safety behaviour; and (3) safety consciousness

acts as a mediator between safety climate and safety behaviour. Its

managerial implications and practical contributions lie in the provision

of useful insights on how ship managers can effectively gain the improved

safety behaviours of ship officers by appropriate introduction of safety

climate and consciousness.

1. Introduction

Shipping is crucial for intercontinental goods transportation, as approximate 90% of cargoes are
moved by sea (Lin and Chang 2021). It is often argued that shipping is the lifeline of global economy
(Chen et al. 2019). Maritime transportation is among the most risky industries (Banda and
Goerlandt 2018). Maritime accidents (e.g. the collision of CF Crystal and Sanchi in the East
China Sea) often contribute to great loss to human lives, ocean environment, and properties abroad
ships and ashore in various forms.

As a direct cause of many maritime accidents, unsafe acts and/or errors of crew caused
80%-90% of maritime accidents in a directly or indirectly way (Heij and Knapp 2018; Chang
et al. 2021). Therefore, unsafe acts and behaviour errors of ship officers form a critical
research problem to be tackled in the maritime industry. From the risk control point of
view, behaviour-based studies for maritime accident prevention are broadly divided into two
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categories such as unsafe acts prevention and safety behaviour (SB) promotion. In the former
group, the Human Factor Analysis and Classification (HFACS) method, which was derived
from the Swiss Cheese Model, was originally proposed in the aviation industry for the
systematic analysis of the latent human factors in aviation accident investigations. In maritime
safety research, HFACS is also widely applied for human and organizational factors investiga-
tion of maritime accidents (e.g. Soner, Asan, and Celik 2015). On the other hand, with the
increased demand on probabilistic safety assessment (PSA), the study on the quantification of
human error probability in the maritime field rapidly develops based on the Human
Reliability Analysis (HRA) methods initiated from the nuclear and chemical industries.
They include the applications of the first generation HRA methods in ship operations (e.g.
Akyuz 2016), and the second generation HRA methods (e.g. Cognitive Reliability and Error
analysis method (CREAM)) for operational error rate estimation in the maritime industry (e.g.
Xi et al. 2017; Yang et al. 2019). Furthermore, the International Safety Management (ISM)
code was issued by the International Maritime Organization (IMO) in 2002. As a compulsory
standard, the ISM code requires shipping companies to establish a Safety Management System
(SMS) to prevent the occurrence of crew operational errors via a systematic and scientific
procedure. Due to the lack of a motivation function (Pantouvakis and Karakasnaki 2016), the
effectiveness of SMS has been greatly reduced. Compared to the studies on effective
approaches and practices for unsafe acts prevention in maritime operations, the measures to
promote SB are comparatively more and attracting increasing research interest in the field.

In SB studies, safety climate (Zohar 1980) and safety culture (Hale 2000) have been intensively
investigated in safety-critical industries. There are many studies investigating the relationship between
safety climate and SB of operators (e.g. Lu and Tsai 2010; Lu and Yang 2011; Liu et al. 2015). Since the
behaviours leading to accidents are often under the control of individuals (Hale and Glendon 1987), it
is necessary to understand how the psychological factors such as safety consciousness underlying
maritime accidents function between and intervene with shipping company safety climate and officers’
behaviour. Therefore, the aim of this paper is to examine the complex interaction relationship among
safety climate, safety consciousness, and SB of ship officers in the shipping industry. Its novelty is
twofold, including (1) the addition of safety consciousness in the relationship analysis between safety
climate and SB from a safety science perspective and (2) the relationship analysis of safety climate,
safety consciousness, and SB within the maritime industry for the first time. The proposed methodol-
ogy includes the methods of primary data collection and analysis and can be tailored to fit other safety-
critical industries and provide effective solutions to accident prevention in general.

The rest of the paper is organized as follows. The relevant literature is reviewed to introduce
the theoretical background and research hypotheses in Section 2. Section 3 describes the meth-
odology including the data collection and analysis methods. Results of empirical analysis are
shown in Section 4, and the implications are presented in Section 5. Section 6 concludes the

paper.

2. Theoretical background and research hypotheses
2.1. Safety behaviour of ship officers

Behaviour refers to anything an individual does or says (Newaz et al. 2019). In psychology, behaviours
are defined as reactions of persons to external or internal stimulus. Recently, SB is accepted as the
safety indicator of workplace (Sherif 2002) and can be described as safety compliance and safety
participation according to Neal and Griffin (2004). Safety compliance refers to the behaviours
adhering to safety procedures and carrying out work in a safe manner (Griffin and Neal 2000),
while safety participation is defined as the behaviours that do not directly contribute to an individual’s
personal safety but help develop an environment that supports safety (Neal and Griffin 2006). The
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SBs of ship officers refer to the core performance that has to be carried out to maintain the safety on
board ships including watch or executing such operations as adhering to standing orders, operational
procedures, wearing personal protective equipment, and reporting fatigue status in a same manner.

2.2. Safety climate in a shipping company

The concept of safety climate was first proposed by Zohar in the early 80s (Zohar 1980) and is
defined as a set of molar perceptions that employees share about their work environment and
a frame of reference for guiding appropriate and adaptive task behaviours. Safety climate is also
defined as a current-state reflection of the underlying safety culture by Mearns, Whitaker, and Flin
(2003). Since then, safety climate has gained growing research attention (e.g. Flin et al. 2000; Neal
and Griffin 2004; Lu and Yang 2011; Liu et al. 2015).

There is little consensus among the previous studies in terms of the number and content of safety
climate constructs (Hon, Chan, and Yam 2014) across different industries. Five most frequently
used constructs were summarized by Flin et al. (2000) including management/supervision, safety
system, risk, work pressure, and competence. In the construction industry, the most common
constructs of safety climate are management commitment to safety, safety rules and procedures,
and workers’ involvement in safety (Hon, Chan, and Yam 2014). Four safety climate constructs in
the manufacturing industry are defined as co-worker’s support, management commitment, safety
supervision, and safety training (ST) (Liu et al. 2015). Therefore, the measurement of safety climate
is described as ‘universal’ and ‘industry-specific’ approach by Probst et al. (2019). Given its
contextual nature, it is essential to find the safety constructs in the maritime industry to prevent
accident occurrence.

In maritime transportation, it is evident that safety climate is influenced by multiple variables
such as safety policy (SP), safety motivation, emergency preparedness (EP), ST, and safety com-
munication (SC) in ferry companies (Lu and Yang 2011) and SP and safety management in
container shipping companies (Lu and Tsai 2010). SP has been unanimously recognized as one of
the structures of safe climate in the maritime industry. Safety management, as a variable of safety
climate, includes ST, SC, and EP that are related to actual practices and functions. The SMS-based
ISM code as a structurized safety management system has not taken into account safety motivation
due to lack of motivation measures (Xi et al. 2021). Safety motivation is, however, an essential
element of safety climate. Furthermore, during the implementation of principles in practice, the
way that managers’ safety behave influence seafarers and their SBs. This is defined as an organiza-
tional safety attitude (SA). In terms of SA, the Theory of Reasoned Action (TRA) (Fishbein and
Ajzen 1975) and the Theory of Planned Behaviour (Ajzen 1985) can explain the effects of SA on
behaviour in an individual level. In an experimental study, it is accepted to treat attitude as a part of
safety climate (Hvold 2005).

In this study, one new contribution is that SA is for the first time, investigated at a group level to
measure shipping organizational performance on safety issues. Second, the current literature reveals
that the state-of-the-art safety climate of a shipping company is measured from three aspects
including organizational principles, organizational practice, and group performance on safety
issues. Taking into account all the mentioned variables influencing safety climate, another new
feature of this study is to measure safety climate using five dimensions, including SP, SA, EP, ST,
and SC.

The direct positive effect of safety climate on SB has been demonstrated in many previous studies
(e.g. Lu and Tsai 2010; Lu and Yang 2011; Liu et al. 2015). Therefore, it is reasonable to assume that
safety climate has a direct positive effect on SB. Based the above proposed constructions, further
investigation on the relationship between the variables and safety climate aids the development of
five hypotheses that each of EP, SC, ST, SP, and SA has a direct positive effect on SB of seafarers on
board ship (H; to Hs), respectively. The five hypotheses are shown in Table 1.
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Table 1. Hypothetic relationships.

Hypothesis Affecting factor Effect/role Affected factor

H,; Emergency preparedness Direct positive Safety behaviour

H, Safety communication Direct positive Safety behaviour

Hs Safety training Direct positive Safety behaviour

H, Safety policy Direct positive Safety behaviour

Hs Safety attitude Direct positive Safety behaviour

He Emergency preparedness Direct positive Safety consciousness

H; Safety communication Direct positive Safety consciousness

Hg Safety training Direct positive Safety consciousness

Ho Safety policy Direct positive Safety consciousness

Hio Safety attitude Direct positive Safety consciousness

Hi safety consciousness Direct positive Safety behaviour

Hi, Safety consciousness Mediation Safety communication— safety behaviour
His Safety consciousness Mediation Safety training— safety behaviour

Hiq Safety consciousness Mediation Safety policy— safety behaviour

His Safety consciousness Mediation Safety attitude— safety behaviour

His Safety consciousness Mediation Emergency preparedness— safety behaviour

2.3. Safety consciousness of ship officers

It is often assumed that individuals with high safety consciousness lead to a less error probability. In
the psychology literature, little empirical research has examined safety consciousness (Westaby and
Lee 2003). Safety consciousness is defined as an individual’s awareness about and emphasis on safety
issues (Prussia, Willis, and Rao 2019) or a positive attitude and awareness toward acting safely in
general (Westaby and Lee 2003). It reflects both cognitive (mental awareness of safety at work) and
behavioural (leading to safety practice) characteristics (Koster, Stam, and Balk 2011). Safety con-
sciousness also belongs to learning acquisition (Seibert 2014) through the immersion in safety
centered policy, management activities, and education. Therefore, safety consciousness conceptually
differs from other safety-related concepts, such as safety climate, which examines the organizational
aspects of safety. In this study, safety consciousness of officers is first measured at an individual level
and then its effect on other constructs is analyzed at a group level across the onboard ship work
context. In other words, safety consciousness concerns officers’ comprehensive perception of safety
which determines their operational safety manner (Koster, Stam, and Balk 2011). A significant
correlation between awareness and safe practice was found by Walters, Lawrence, and Jalsa (2017).
Therefore, the direct influence of safety consciousness on SB is obtained for actual proof.

Moreover, other studies also argue that safety climate plays an indirect role on SB which is
mediated by certain personal conscious level factors such as mental stress (Cooper and Phillips
2004), safety norms and attitude on safety (Fugas, Silva, and Melia 2012), etc. As comprehensive
expression of mental concern on safety, safety consciousness has obvious correlation on personal
safety practice (Walters, Lawrence, and Jalsa 2017). The specific function of safety consciousness
between safety climate and SB remains unclear, thereby leaving a research gap to be fulfilled. It is
necessary to test the assumption that safety consciousness of ship officers is impacted by safety
climate of the shipping company they belong to and simultaneously plays a decisive role on SB of
ship officers and practice on board a ship. Meanwhile, safety consciousness shows a mediating effect
on the relationship between safety climate and SB. The relation assumptions among safety climate,
safety consciousness, and SB (Hg to H;¢) are shown in Table 1.

3. Research methodology
3.1. Data collection

The primary data in this paper were collected from different shipping companies in the mainland
China in January 2020. In order to minimize the possible bias from common methods and non-
response, the following control measures were used during the data collection process.
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First, single sentences were used to design the items and each item went through cross-
reading to reduce the ambiguity of the questions and make a clear expression of the items.
The size of items was controlled to minimize the answer-question time and facilitate good
response from participants. Secondly, 285 operational level, management level, and deck
cadets were selected randomly from COSCO shipping (publicly owned) and Chinese-Polish
Joint Stock Shipping Company (joint-venture company). They were asked by phone if they
would be willing to take part in the survey. 284 crew members which agreed to be participants
were provided with access code and took part in the survey. The high return rate is because of
the support of the senior management teams of the two companies to this study. Third,
a questionnaire website called Questionnaire Star (www.wjx.cn) was adopted for data collec-
tion to avoid social desirability. Incentives with a full research ethical approval were used to
motivate the willingness of completing the survey and improve the response rate. All 284
participants responded in 1 week. Thus, it is confident that there was no obvious evidence of
non-response bias. The statistical characteristics of data are shown in Table 2.

3.2. Scale items and measurement

Sampling data were collected through a self-built questionnaire survey. It contains two parts. The
first part collected the demographic data, including age, education background, gender, position,
and ship type of service. The second part was applied to measure the safety climate of a shipping
company, safety consciousness, and SB of seafarers.

Previous studies on safety climate measurement included the pivotal constructs: SP, ST, EP,
and SC (Zohar 1980; Flin et al. 2000; Griffin and Neal 2000; Mearns, Whitaker, and Flin 2003;
Lu and Tsai 2010; Lu and Yang 2011). SA as a specific construct used to measure organiza-
tional performance has yet been investigated to find their contribution to safety climate. The
items used to measure SA referred to Hvold (2005). As a result, 22 items derived from Hvold
(2005) were used for measuring the five constructs of safety climate on board ship in this
study.

Table 2. Profiles of respondents (N= 284).

Characteristics Frequency Percentage
Age 21-25 36 14.2%
26-30 51 20.0%
31-35 113 44.5%
36-40 18 7.1%
41-45 29 11.4%
>45 7 2.8%
Education background Master degree 3 1.2%
Bachelor degree 98 38.6%
Associate degree 130 51.1%
Technical secondary school 16 6.3%
High school/seaman training 7 2.8%
Position Captain 31 12.2%
/0 102 40.2%
2/0 59 23.2%
3/0 27 10.6%
Deck cadet 35 13.8%
Type of ship Bulk carrier 98 38.6%
Container ship 48 18.9%
Oil-chemical tanker 60 23.6%
Ro-Ro ship 8 3.1%
Ocean engineering ship 33 13.0%

Special cargo vessel 7 2.8%
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The findings from previous studies had revealed the effect of safety consciousness on behavour of
seafarers in the maritime industry. Koster, Stam, and Balk (2011) and Wong, Man, and Chan (2021)
indicated the influence of safety consciousness on SB of construction works. The items for
measuring safety consciousness were developed on the basis of Wong, Man, and Chan (2021)
and revised to make it applicable to the investigated context.

Although it is arguably to be more effective to measure SB by observation, it is often infeasible to
conduct such observation when a ship and its crew members are in a full operation mode (Lu and
Yang 2011). In this paper, the items used to measure SB were derived from Xi et al. (2021) first and
then revised and verified by the interviews of safety managers from shipping companies. Seven
items were adopted for measuring the SB of seafarers.

All items developed and the associated statistical information are shown in Table 3. The five-
point Likert measurement from strongly disagree (1) to strongly agree (5) are employed to rate the
relevance of the items.

Table 3. Descriptive statistics for items—mean value and standard deviation on a scale from 1 to 5 (N= 284).

No. Items Mean SD
Safety policy (Flin et al. 2000; Mearns, Whitaker, and Flin 2003; Lu and Tsai 2010; Lu and Yang 2011)
SP1 My company has written safety policies. 401 1.11
SP2 My company has established a safety responsibility system. 411 1.16
SP3 My company makes sure the implementation of safety rules 401 1.11
SP4 My company has established safety rewards and punishment system. 3.88 1.12
SP5 My company provides ways for seafarers to participate the improvement of safety rules. 413 1.14
Emergency preparedness (Flin et al. 2000; Mearns, Whitaker, and Flin 2003; Lu and Tsai 2010; Lu and Yang
2011)
EP1 My company has set up an emergency plan. 3.07 1.22
EP2 My company informs all workers about the emergency plan. 3.04 1.16
EP3 In the emergency plan, all members have clearly defined duties. 314 1.19
EP4 My company carries out periodic drills to check the efficacy of the emergency plan. 3.09 1.17
Safety communication (Flin et al. 2000; Mearns, Whitaker, and Flin 2003; Lu and Tsai 2010; Lu and Yang
2011)
SC1 My ship holds regular job safety meetings. 3.67 1.16
SC2 My company provides seafarers about risks associated with their work. 370 1.14
SC3 My company provides seafarers about safety-related information. 363 1.10
SC4  Seafarers have chances to discuss safety issues with safety manager. 374 1.4
Safety training (Flin et al. 2000; Mearns, Whitaker, and Flin 2003; Lu and Tsai 2010; Lu and Yang 2011)
ST1 My company has established systematic training program. 3.71 1.06
ST2  Safety training programs have been adopted in my ship. 370 1.10
ST3 My company provides sufficient safety education. 369 1.09
ST4 My company provides enough safety training programs for new seafarers. 367 1.11
Safety attitude (Hvold 2005)
SA1 My company responds quickly to safety problem. 406 1.22
SA2 The company takes safety issues very seriously. 371 1.3
SA3 My company pays great importance to the safety and health of crew members. 369 1.12
SA4  Master of my ship never disregards safety problem. 383 1.18
SA5  Master of my ship responds quickly to safety problem. 369 1.14
Safety consciousness (Koster, Stam, and Balk 2011; Wong, Man, and Chan 2021)
SCs1 | always avoid dangerous situations on duty. 392 1.06
SCs2 | get upset when | see other officers acting dangerously. 390 1.05
SCs3  Doing the safest possible thing is always the best thing. 3.88 1.07
SCs4 | take extra time to work safely even if it slows down. 363 1.01
SCs5 | believe that safety rules are very important. 3.82 1.06
Safety behaviour (Lu and Tsai 2010; Xi et al. 2021)
SB1 | strictly obey standing orders when being on watch. 401 117
SB2 I always comply with safety operational procedures. 396 1.15
SB3 | comply with safety regulations when carrying out my job. 3.81 1.08
SB4 | normatively wear personal protective equipment. 395 1.16
SB5 | always check safety equipment to confirm being in good order. 378 1.12
SB6 | always report safety problems to my superior on time. 3.89 1.10

SB7 | always avoid fatigue when being on duty. 401 1.16
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3.3. Data analysis method

The data were analytically processed in three parts. To examine the constructed factors and
determine the stability and consistency of the scale, the first part of data analysis is to reduce the
number of and verify the items relating to safety climate, safety consciousness, and SB measure-
ment. Here, we used an Exploratory Factor Analysis (EFA) technique, which is adopted to find out
the essential structure of multivariate observed variables and deal with dimensionality reduction,
via Principal Component Analysis (PCA) with varimax rotation. After the dimensionality of
constructs determined, un-dimensionality affairs should be reviewed and analyzed, such as con-
struct model fitness test, convergent validity survey and discriminant validity inspection. In this
part, a Confirmatory Factor Analysis (CFA) method was adopted to test whether the relationship
between a factor and its corresponding measurement items consistent with the theoretical design.
Third, model fitting and testing of hypothesized paths are carried out by using a Structural Equation
Modeling (SEM) which is an important tool for multivariate data analysis and used for analyzing
the relationships between factors such as safety climate of a shipping company, safety conscious-
ness, and SB of ship officers. The software platforms used for supporting the above analysis are SPSS
and AMOS.

4. Results of empirical analysis
4.1. EFA results

Before carrying out the EFA, the common method bias was examined. The Harman’s single factor
examination was used for the common method bias analysis. All items were put together for PCA,
seven factors had an eigenvalue greater than 1 and were extracted. The eigenvalue of the first factor
was 12.83. 29.80% total variance was found which was greatly smaller than the total variance
(70.98%) when all seven factors were taken into account. Hence, the common method variance is
acceptable.

The use of CFA with PCA here is to verify the constructs preset and test the factor loading of
items. Before carrying out PCA, the Kaiser-Meyer-Olkin (KMO), and Bartlett Test of Sphericity
were used for sample data testing to estimate the data suitability for PCA by comparing the simple
correlation and partial correlation coefficients. As a result, KMO = 0.955 (>0.9), X2 = 6614.684, and
p< 0.001. They indicate the sample is suitable for PCA.

PCA as one of the most widely used methods to identify principal factors in EFA is adapted to
reduce the 34 items to a set of factors, such as ST of safety climate or SB. PCA with VARIMAX
rotation helped to explore the existence of meaningful parts among the items and extract the main
factors. The PCA results are shown in Table 4. Seven constructs have an eigenvalue bigger than 1
and are generated in this study. F1-F7 refer to behaviour, consciousness, attitude, EP, policy,
training, and communication, respectively, which are consistent with the present structure. The
factor loadings of all items are greater than 0.5, so all items are kept. As shown in Table 4, the seven
constructs contribute to 70.98% of the total variance. The Cronbach’s « value of each construct is
greater than 0.86, which shows a satisfactory reliability.

4.2. CFA results

For purpose of testing the validity of the factors and the relationships between them, model fitness
indices are required to measure the degree of fitness between the theoretical model and sample data
and to prove that the fitting level of the model is acceptable. Model fitness test results are as follows:
Yldf = 1.429 (<3), goodness-of-fit index (GFI) = 0.917 (>0.9), adjusted goodness-of-fit index
(AGFI) = 0.897 (>0.8), normal fit index (NFI) = 0.931 (>0.9), comparative fit index (CFI) = 0.978
(>0.9), root mean square residual (RMR) = 0.032 (<0.05), and root mean square error of approx-
imation (RMSEA) = 0.039 (<0.08). Such results reveal an acceptable fitness level of the model.
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Table 4. EFA results of seven factors.

F1 Safety F2 Safety F3 Safety F4 Emergency F5 Safety ~ F6 Safety F7 Safety
Items behaviour  consciousness attitude preparedness policy training communication

SB1 0.64

SB2 0.58

SB3 0.59

SB4 0.63

SB5 0.66

SB6 0.66

SB7 0.67

SCs1 0.71

SCs2 0.67

SCs3 0.69

SCs4 0.67

SCs5 0.79

SA1 0.58

SA2 0.68

SA3 0.67

SA4 0.73

SA5 0.73

EP1 0.88

EP2 0.86

EP3 0.86

EP4 0.86

SP1 0.68

SP2 0.58

SP3 0.63

SP4 0.65

SP5 0.64

ST 0.74

ST2 0.71

ST3 0.74

ST4 0.70

SC1 0.78

SQ2 0.70

N 0.76

SC4 0.72

Eigenvalues 12.83 5.10 3.85 2.68 2.58 1.82 1.70

Percentage 29.80 11.85 8.94 6.22 6.00 423 3.94
variance

Cumulative 29.80 41.64 50.59 56.81 62.81 67.04 70.98
variance

Cronbach 0.90 0.90 0.86 0.91 0.89 0.88 0.91
alpha

Mean 3.92 3.83 3.80 3.08 4.05 3.69 3.68

Standard 0.89 0.88 0.92 1.05 1.01 0.94 1.00
deviation

4.2.1. Convergent validity analysis
A couple of parameters can be used for the convergent validity measurement. For instance, a critical
ratio shows the representativeness of the measured constructs on the underlying items; and R’
shows the measurement of an item’s reliability. Normally, if a critical ratio is more than 1.96 or less
than —1.96 and R? is greater than 0.3, the estimate and reliability can be accepted (Hair et al. 2010).
Additionally, composite reliability (CR) is adopted to measure the degree of the items sharing the
construct, CR value should be greater than 0.7 and another indicator of convergent reliability,
named Average Variance Extraction (AVE) should be greater than 0.5. Standardized factor loading
of each item is suggested to be more than 0.7 (Xi et al. 2021).

The results of convergent reliability analysis are shown in Table 5. The values of the critical ratio,
R’, CR, AVE, and factor loadings entirely meet the above mentioned thresholds. The model
therefore has a satisfactory convergent validity.
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4.2.2. Discriminant validity test

Discriminant validity can be examined via comparison of the square root of AVE and correlations
among constructs. If the square root of AVE is greater than the correlations of one construct with
others, it indicates that the correlation of a construct with itself is greater than that with the other
constructs. The discriminant validity can then be verified. In Table 6, the values on the diagonal are
the square roots of AVE, and they are all greater than the correlations with other constructs. All
correlations among the constructs are significant at a 0.01 level.

4.3. Fitting of model and testing of the hypotheses

4.3.1. Construction and verification of the initial model

The five constructs used to model the safety climate of shipping companies, safety consciousness,
and SB of ship officers were taken as independent variables, mediation variables, and dependent
variables, respectively. The initial SEM was constructed and verified using the AMOS24 software.

Table 5. Confirmatory factor analysis and convergent validity.

Construct/item Standardized factor loading Standard error Critical ratio R CR AVE
Safety attitude (SA) 0.86 0.54
SA5 0.74 0.55
SA4 0.76 0.09 12.27%** 0.57
SA3 0.71 0.08 11.43*** 0.50
SA2 0.76 0.08 12.35%%* 0.58
SA1 0.72 0.09 11.70%** 0.52
Safety policy (SP) 0.89 0.62
SP5 0.80 0.64
SP4 0.73 0.07 13.17%** 0.53
SP3 0.81 0.07 15.09%** 0.65
SP2 0.80 0.07 14.92%** 0.64
SP1 0.80 0.07 15.03*** 0.64
Safety training (ST) 0.88 0.65
ST4 0.82 0.66
ST3 0.81 0.06 15.35%%* 0.66
ST2 0.81 0.07 15.13*** 0.65
ST1 0.80 0.06 15.00%** 0.64
Emergency preparedness (EP) 0.91 0.72
EP4 0.85 0.72
EP3 0.82 0.06 16.59*** 0.67
EP2 0.83 0.06 16.95%** 0.69
EP1 0.88 0.06 18.42%** 0.78
Safety communication (SC) 0.91 0.71
SC4 0.84 0.70
SC3 0.83 0.06 16.78%** 0.69
SC2 0.82 0.06 16.38*** 0.67
SC1 0.88 0.06 18.20%** 0.77
Safety consciousness (SCs) 0.90 0.64
SCs1 0.82 0.67
SCs2 0.81 0.06 15.55%** 0.65
SCs3 0.79 0.07 15.10%** 0.63
SCs4 0.74 0.06 13.71%%* 0.54
SCs5 0.83 0.06 16.171%** 0.69
Safety behaviour (SB) 0.90 0.57
SB1 0.75 0.56
SB2 0.77 0.08 13.12%** 0.59
SB3 0.72 0.07 12.78%** 0.52
SB4 0.79 0.08 13.52%** 0.63
SB5 0.72 0.08 12.34%** 0.52
SB6 0.73 0.07 12.471%** 0.54
SB7 0.79 0.08 13.55%%* 0.63

*** p < 0.001
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Table 6. Descriptive statistics, correlation of constructs, and discriminant validity.

Construct Mean SD 1 2 3 4 5 6 7

SA 3.80 0.92 0.737

SP 4.05 1.01 0.675** 0.787

ST 3.69 0.94 0.591** 0.684** 0.809

EP 3.08 1.05 0.190** 0.284** 0.167** 0.846

SC 3.68 1.00 0.592** 0.635** 0.637** 0.251** 0.840

SCs 3.83 0.88 0.622** 0.674** 0.579** 0.277** 0.630** 0.798

SB 3.92 0.89 0.651** 0.731** 0.642** 0.378** 0.625** 0.696** 0.754
**p <001

The fitting indices of model #1 show the fitness of the bill. A critical ratio and P value are used to
verify the significance of the preset paths. If a critical ratio is greater than 2 or P is less than 0.01/
0.001, the path is significant. Figure 1 and Table 7 show that the coeflicients of three paths EP—SCs,
ST—SCs, and SC—SB, are not significant. It shows that both the effect of EP and CT on SCs and the
one of SC on SB are not obvious. Under this circumstance, the model has to be modified, by deleting
the three non-significant paths and re-examining the model.

4.3.2. Modification of the initial model

First, the path (ST—SCs) with the minimum critical ratio value was deleted. After the deletion, the
Chi-square value of the new model slightly changed, meaning that the deletion of this path was
feasible. Then, the paths of SC—SB and EP—SCs were deleted in the SEM model and the change of
Chi-square was observed. The Chi-square values gradually increased from 640.727 to 643.449,
indicating that it is sensible to delete these three paths.

After deleting the three paths, model #2 was obtained. The factor loadings of all items were
calculated to be between 0.50 and 0.95. The critical ratio and p value of each path reached
a significant level, and the measurement errors were all positive, indicating that the model fitting
was in line with the standard. The modified model (i.e. #2) is shown in Figure 2. The verification of
the path model and fitness test is shown in Tables 8 and 9, respectively, which indicates the good
fitness of model #2.

From the hypothesis testing, the results (Table 8) show that 8 out of 11 hypotheses (H; to H;;)
were supported. Specifically, SA, SP, and SC had a significant positive effect on SCs. SA, SP, ST, and
EP had a significant effect on SB. SCs had a significant positive effect on SB.

4.3.3. Mediation effect test

A biased corrected Bootstrap program in AMOS24 was used to test the significance of the mediation
effect, and the test results were shown in Table 10. It can be found from Table 10 that among the
three indirect effects of SP—SB, SA—SB, and SC—SB, the upper and lower bounds of the biased
corrected confidence intervals are (0.032, 0.020), (0.012, 0.015), and (0.020, 0.014) respectively,
excluding zero. Therefore, the mediation effects of safety consciousness between SP, SA, SC, and SB
are significant. SP and SA have direct positive effect on SB. Furthermore, safety consciousness plays
a partial mediating role in terms of the influence of SP and SA on SB, while it plays a complete
mediating role in terms of the influence of SC on SB. However, safety consciousness has no
mediating effect on the relationship between ST, EP, and SB. Correspondingly, H;,, Hy,, and H;;
are verified while H,3 and H;¢ are not valid.

5. Discussion

This study through a new research model, analyses the relationship among safety climate, SCs, and
SB of ship officers. It focuses on the safety climate (including SP, ST, SC, SA, and EP) and SCs and
explains the SB of ship officers and the mediation effect of SCs on the relationship between the
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Figure 1. Model #1.

Table 7. Coefficient result and test of model #1.

Path Standardized coefficient Standard deviation Critical ratio p Significance
SA—SCs 0.238 0.091 2.692 <0.01 Yes
SP—SCs 0.337 0.100 3.191 <0.01 Yes
SC—SCs 0.251 0.070 3.261 <0.01 Yes
EP—SCs 0.072 0.042 1.514 0.130 No
ST—SCs 0.038 0.084 0.437 0.662 No
SA—SB 0.169 0.081 2172 <0.01 Yes
SP—SB 0.300 0.091 3.153 <0.01 Yes
ST—SB 0.155 0.074 2.044 <0.01 Yes
EP—SB 0.174 0.038 4.085 <0.001 Yes
SC—SB 0.044 0.062 0.654 0.513 No
SCs—SB 0.240 0.074 3.292 <0.001 Yes

safety climate and the SB. The insights on the improvement function of safety climate on SCs and
SB are obtained. The results can be adopted for making rational safety policies in the maritime
industry.

5.1. Implications in theory

Theoretically, the results show that SA and SP have a direct positive effect on SCs and SB of ship
officers. ST and EP have a direct effect on SB but do not have such an effect on SCs. SC has a direct
positive effect on SCs, but ST and EP do not have such an effect. The interesting outcome suggests
that SA and SP could influence both SCs and SB, ST, and EP are more inclined to influence SB
directly, while SC affects SCs more. This does not mean that SC has no effect on SB. Instead, SC acts
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Figure 2. Model #2.

Table 8. Coefficient results and test of model #2.

Path Standardized coefficient Standard deviation Critical ratio p Significance
SA—SCs 0.227 0.091 2.571 <0.01 Yes
SP—SCs 0.383 0.087 4.160 <0.001 Yes
SC—~SCs 0.276 0.066 3.819 <0.001 Yes
SA—SB 0.177 0.080 2.300 <0.01 Yes
SP—SB 0.300 0.093 3.087 <0.01 Yes
ST—SB 0.174 0.069 2425 <0.01 Yes
EP—SB 0.179 0.037 4.235 <0.001 Yes
SCs—SB 0.255 0.071 3.635 <0.001 Yes

Table 9. Results of model #2 fitting.

Index xo/df CFI TLI IFI NFI RMSEA PNFI
Criteria <3 >0.9 >0.9 >0.9 >0.9 <0.08 >0.5
Value 1.264 0.979 0.977 0.979 0.907 0.031 0.823

indirectly on SB through the mediating effect of SCs. It explains why SC is added to the model to
explore the specific function of SCs between safety climate and SB. It helps verify both cognitive and
behavioural characteristics (Prussia, Willis, and Rao 2019). On one hand, this study is the first to
integrate SA to increase the influential power of safety climate on SB. Simultaneously, it shows that
organizational SA has a significant effect on both SCs and SB. On the other hand, the integration of
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Table 10. Bootstrap analysis for mediating effect test.

Standardized effect estimation 95% confidence interval
Variable Average effect estimates SExZ Lower bound upper bound
Total effect
SP—SB 0.381 0.122 x 3.12 0.148 0.626
SA—SB 0.244 0.095 x 2.57 0.058 0.428
SC—SB 0.064 0.031 x 2.06 0.020 0.142
Indirect effect
SP—SB 0.093 0.043 x 2.16 0.032 0.020
SA—SB 0.060 0.030 x 2.00 0.012 0.015
SC—SB 0.064 0.031 x 2.06 0.020 0.014
Direct effect
SP—SB 0.287 0.128 x 2.24 0.021 0.529
SA—SB 0.184 0.096 x 1.92 —0.009 0.374
SC—SB 0.00 0.00 x 0.00 0.00 00.00

SCs in the study refines the specific role of different elements of safety climate on behaviour and/or
consciousness. It provides useful insights on the understanding of whether SCs contributes to the
effect of different factors of safety climate on SB.

5.2. Implications in practice

In safety management practice, the findings derived from this study can provide safety managers of
any shipping company with practical recommendations on how to improve SC and SB of ship
officers, to reduce the occurrence likelihood of maritime accidents.

Based on the established SMS by a shipping company, including safety management manual,
operational procedures, and guidelines, officers on board already acquire knowledge and experience
for practice in a safe manner. Therefore, the important role of the SMS on prevention of unsafe acts
cannot be ignored. However, the effect of good safety climate in a shipping company on SCs
creation and SB improvement needs to be rigorously examined and scientifically explained. Facing
the ever-increasing pressure on maritime safety, safety climate has attracted increasing attention far
beyond the scope of the SMS in maritime safety management research.

Furthermore, as basic safety management measures, ST and EP can regulate the crew’s routine
operation and emergency SB but not necessarily improve the SCs. Therefore, safety managers
should better understand the logic and do not enhance ST and EP for achieving improved crew SCs.
However, safety managers can, on the basis of safety operation training and EP, increase the
training of safety theory and strengthen the theoretical background of EP to improve the under-
standing of safety issues and prevent ship board accidents. As far as SC is concerned, in view of its
significant effect on SCs, safety managers should supply ship officers and captains with sufficient
safety information, maritime risk trend, and hold a safety committee meeting and discuss safety
issues. All these activities aid in improving the SCs to promote the SB level by the mediating effect of
SCs. Taking into account the direct effect of SP on both SCs and SB and its indirect effect on SB,
such measures as ‘promoting crew’s understanding and implementation of safety policy’ and
‘actively participating in the modification of safety procedures’ play an important role in ensuring
maritime safety. Especially, given the strong influence of SA on SCs and SB, safety managers should
demonstrate the ability to quickly deal with safety issues and emphasis on occupational health in
safety management activities.

Moreover, from a psychological point of view, whether the behaviour of an officer continues to
be safe over time, it depends, to large extent, on the stability of SCs which is inseparable with SB. Via
immersion in safety climate, an officer could experience organizational attitude and practice of
safety management. All the officer’s gains from the company’s safety climate can help strengthen
his/her consciousness on safety practice and hence improve his/her SB.
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6. Conclusion

This study proposed and empirically validated a new model that aids to explore the effect of SP, SC,
ST, EP, and SA on ship officer’ SCs and SB. The relationship paths among these factors were
comprehensively tested by SEM. The underlying implications on how SP, SC, ST, EP, and SA of
a shipping company affect ship officers’ SB with SCs were investigated by mediating tests. The
importance of SA, SP, and SC in determining the SCs of ship officers, as well as of the SA, SP, ST,
and EP in encouraging the emergence of SB were experimentally analyzed. The findings of this
study will significantly contribute to the literature of ship safety management. More importantly, it
provided ship safety managers with a powerful tool to develop effective measures to improve the
SCs and SB of ship officers.

Despite showing attractiveness, this paper still reveals some limitations. First, the sampling data
were collected from Mainland China. The validity of the results in other regions with different
culture need to be further investigated. Second, other variables such as safety motivation can be
incorporated into future studies to analyze its impact on SCs and SB of ship officers.
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