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Abstract

Purpose: This study examines the relationship between ship chandler
l service quality (specifically responsiveness, reliability, and product
quality) and crew satisfaction, with crew health as a mediating
variable. The research highlights the critical role of ship chandler
services in supporting crew well-being, especially when access to
essential supplies was restricted.

Research Methodology: This quantitative study surveyed 150 crew
members from 52 PIS-owned vessels using PMSol services, selected

. . through purposive sampling, and analyzed the data using Partial Least
Article History Squares Structural Equation Modeling (PLS-SEM).
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Accepted on 20 November 2025  |Moreover, crew health acts as a mediating variable, strengthening the
impact of service and product quality on satisfaction. High-quality,
reliable, and responsive services (both directly and indirectly)
enhance crew happiness and well-being.

Conclusions: Ship chandler services that are responsive, reliable, and
provide high-quality products not only meet logistical needs but also
enhance crew well-being and satisfaction. Recognizing crew health as
a key factor can help maritime service providers design more human-
centered support systems, especially during challenging times like a
pandemic.

Limitations: The study focuses solely on crew members aboard PIS-
owned vessels using PMSol services, which may limit the
generalizability of the findings to other companies or contexts.
Contribution: Study highlights crew health as key mediator, linking
service quality to satisfaction in maritime services.
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1. Introduction

Service is an effort to meet the needs of others, whereas serving means helping to prepare or manage
what someone requires. In an organizational context, service is a key indicator of successful
implementation and performance measurement through bureaucracy (Dewi & Suparno, 2022). In
maritime logistics, supply services are delivered based on requests from ships to supply companies or
ship chandlers, which deliver necessities such as vegetables, fruits, spare parts, paint, and other needs.
Ship chandler services are essential to ensure that food and other supplies on board are adequate, which
helps ensure smooth ship operations. Despite the health and safety benefits associated with working on
board ships, sailors remain vulnerable to accidents and illnesses. This vulnerability arises from work
culture, climate change, personal habits, and other factors (Chin, 1998).
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Food is a crucial part of a sailor's life because those working on cargo ships often undertake long
voyages, resulting in limited access to fresh food and difficulty in controlling their diet (Baum-Talmor
& Sahin, 2024). It regulates global maritime employment, covering welfare issues of sailors, from
contract structuring to standards of accommodation and nutrition. Crew members living at sea in
confined environments for extended periods face physical and mental challenges that can impact their
health (Lau & Yip, 2017). Prolonged sea journeys may weaken the immune system, leading to various
health (Lu et al., 2010; Myznikov, Makhrov, & Val'skii, 2000; Protasov, Slezinger, & Antiukhova,
1996).

In the past decade, the maritime industry has paid increasing attention to monitoring food quality and
catering services for crew members onboard. These issues are regulated by the International Labour
Organization Food and Catering (Ship Crew) Convention of 1946 (No. 68) and the Ship Cook
Certification Convention of 1946 (No. 69), which were amended in 2006 in Geneva. The Ship Cook
Training Guidelines ILO (2014) emphasize three main principles: providing nutrition that meets
established standards, quality, and variety, based on crew size. Catering staff must be well trained to
ensure food safety and quality, which practical guidelines also aim to facilitate through national laws
and regulations.

Health is increasingly viewed as "a resource for living," enabling individuals to function and participate
actively in society (McCartney, Popham, McMaster, & Cumbers, 2019). Occupational health is defined
as the physical, mental, and social well-being that enables workers to perform their tasks safely and
productively without harming themselves, their families, society, or the environment. Health status is
unique to each individual and forms the foundation for social participation and the overall welfare.
Therefore, the state’s primary responsibility should be to enhance health and address disparities caused
by unequal resource distribution (Thomson, 2022).

PT Pertamina Marine Solutions (PMSol) began providing supply services (ship chandlers) in 2020. This
service was performed at the request of 52 ships owned by PT Pertamina International Shipping (PIS).
The motivation behind this study stems from several issues. Conflict of interest arises when there is a
close relationship between authorities and entrepreneurs (Chandranegara & Cahyawati, 2023).
According to Duflo in Chirikov (2023), evaluations that involve payments between companies or
individuals can create conflicts of interest, possibly leading to biased results. In this case, providing
supply services is an effort to reduce potential conflicts of interest, particularly the temptation for the
crew to shop for necessities outside the vessel, which could involve vendors or local suppliers.

Identifying another issue, conflict of identity occurs when sub-identities related to ethnicity, race, or
religion are merged or contrasted, potentially causing discord among the group members. This is
especially relevant in Indonesia, a diverse nation with various cultures, ethnicities, and religions.
Differences between crew members and local communities encountered onboard or ashore can trigger
conflicts, especially over diverse needs and sensitivities (Eslamdoost, King, & Tajeddin, 2020;
Suherman & Sirajuddin, 2018). Maintaining focus performance is vital for driving safety. Ship supply
services aim to ensure that crew members can concentrate on their operational tasks, navigation, engine
maintenance, and cargo supervision without being distracted by non-operational issues such as
procurement or logistics. When these needs are met effectively, human error risks decrease, enhancing
safety (Bauweraerts, Arzubiaga, & Diaz-Moriana, 2022). Crew members must maintain high focus and
work discipline, which is supported by reliable supply services that provide appropriate nourishment,
health supplies, and other essentials to the crew.

Workplace safety is a critical concern, especially in high-risk industries such as oil and gas.
Occupational accidents often result from unsafe actions and conditions. Human errors such as
negligence and failure in skills or knowledge are common causes of incidents (Jamil, Mallapiang, &
Multazam, 2023). Unsafe conditions, such as a lack of safety gear or inadequate supplies, can also cause
accidents, emphasizing the importance of ensuring that supply services deliver safe and quality goods.
The International Maritime Organization (IMO) highlights that every crew member should have access
to safe, sufficient, and culturally appropriate food and water, as stipulated by the Maritime Labor
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Convention 2006. Insufficient nutrition and poor supply quality are linked to decreased crew health,
fatigue, and lower operational performance (Primadianto, Putri, & Alifen, 2018).

Research indicates that nearly 77% of crew members have limited safety and health knowledge, which
increases the risk factors onboard. The effective supply of healthy and nutritious food directly supports
crew health and safety, thereby enhancing overall job satisfaction. Conversely, inadequate or
substandard supplies can lead to dissatisfaction, malnutrition, or internal conflicts, which in turn
diminish productivity and increase the risk of accidents.

Although prior studies have addressed occupational health, catering standards, and the welfare of
seafarers, limited research has explicitly examined how the dimensions of ship chandler service quality
responsiveness, reliability, and product quality affect crew satisfaction through health as a mediating
factor. Most existing literature focuses on regulations, nutrition, or general occupational safety but does
not integrate logistics service performance with human-centered outcomes in maritime settings.
Moreover, in the Indonesian context, empirical studies exploring ship chandler services as determinants
of crew health and satisfaction remain scarce. This creates an important research gap that this study
aims to fill.

This study aims to analyze how service quality, specifically reliability, responsiveness, and product
quality, affects crew satisfaction through health as an intervening variable. This includes examining
how the effectiveness of supply services from PMSol impacts the health and overall satisfaction of crew
members aboard the ships under PIS. This study is structured into several distinct sections to ensure a
comprehensive exploration of the research topic.

The first section serves as an introduction, providing the necessary background and contextual
foundation for this study. The second section presents a literature review, examining prior research and
conceptual frameworks to establish the academic groundwork. The third section outlines the details of
the research methodology, including the research design or approach, respondents’ details, and an
explanation of operational variables for research findings and analysis. Subsequently, the fourth section
presents the processed research findings, offering data-driven insights and interpretations. Finally, the
fifth section concludes the study by summarizing the key outcomes, providing actionable
recommendations, and discussing the potential policy implications derived from the research. This
structured approach ensured clarity, coherence, and academic rigor throughout the study.

2. Literature review

2.1. Related Works

Previous studies across industries have consistently highlighted the importance of service and product
quality as drivers of customer satisfaction and loyalty. For instance, Chaerudin and Syafarudin (2021)
demonstrated that product quality, service quality, and price significantly shape purchase decisions and
satisfaction in the medical equipment industry, with service and price exerting stronger influences than
product quality. Similarly, Taufik, Santoso, Fahmi, Restuanto, and Yamin (2022) emphasized that
product quality directly impacts satisfaction, whereas service quality works indirectly through
perception, which subsequently drives customer loyalty. These findings suggest that the relative
strength of product versus service quality may vary across contexts, but both are indispensable for
building customer satisfaction and loyalty.

Grace, Girsang, Simatupang, Candra, and Sidabutar (2021); Syafarudin (2021) confirmed these
dynamics in the automotive and banking sectors, respectively, showing that product quality reinforces
trust and satisfaction, while satisfaction mediates loyalty outcomes. However, whereas Grace et al.
(2021) focused on consumer markets where tangible product excellence dominates, Syafarudin (2021)
highlighted digital service quality as a crucial determinant during the COVID-19 pandemic. This
contrast shows how sectoral contingencies shape the role of quality, yet both confirm that satisfaction
is the central mediating mechanism.
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Studies in hospitality and insurance contexts, such as Mahsyar and Surapati (2020) and Chege (2021),
further nuance these findings. In restaurants, product quality had a stronger effect than service quality,
reflecting the primacy of tangible outcomes (e.g., freshness, taste, and presentation). Conversely, in the
insurance sector, service reliability emerged as the most critical factor in ensuring satisfaction,
underscoring that intangible trust and consistency matter more than price or product features. This
divergence illustrates that while quality dimensions are universal, their salience is context dependent.

Recent service quality research has also emphasized multidimensional constructs. Herudiansyah,
Fitantina, and Suandini (2023); Shukri, Yajid, and Tham (2020) found responsiveness, reliability, and
assurance to be significant in shaping satisfaction in healthcare contexts. Their study highlights that
improvements in multiple service dimensions collectively foster trust and satisfaction. Moreover, Kim
and Chang (2020) introduced a technological perspective by analyzing chatbot services, showing that
process quality and perceived reliability drive reuse intentions, suggesting that digital service platforms
also follow similar quality-satisfaction mechanisms.

Although the existing literature provides robust evidence that service quality, product quality, and
reliability drive satisfaction across industries, several gaps remain. First, much of the research is sector-
specific (healthcare, banking, insurance, restaurants) and does not account for industries where logistics
and human well-being are closely interlinked. Second, most studies treat satisfaction as a direct outcome
but overlook its interaction with mediating factors such as health and safety, which are critical variables
in high-risk, labor-intensive environments such as maritime logistics. Third, while responsiveness,
reliability, and product quality have been validated in the consumer and service industries, their role in
the maritime sector, particularly in ship chandler services, remains underexplored.

Unlike traditional industries, maritime logistics introduce unique complexities, such as delayed port
access, perishable goods handling, and prolonged crew isolation. In such contexts, service quality is not
merely about satisfaction; it directly affects crew health, safety, and operational performance. Although
prior maritime studies Lau and Yip (2017); Vu (2021) acknowledge the importance of welfare and
supply quality, they lack an integrated framework linking service quality — health — satisfaction. This
underlines the novelty of the present study, which critically investigates how reliability, responsiveness,
and product quality influence crew satisfaction with health as a mediating factor, focusing on PT
Pertamina Marine Solutions (PMSol) as a case study.

2.2. Conceptual Framework

Based on previous research and a literature review, this study proposes a novel conceptual framework
integrating reliability (X1), responsiveness (X2), Product Quality (X3), Crew Health (Z), and Crew
Satisfaction (Y) in the context of ship chandler services at PT Pertamina Marine Solution. Based on
prior research and theoretical foundations, the following hypotheses were formulated:

H1: Reliability (X1) positively influences Crew Health (Z).

H2: Responsiveness (X2) positively influences Crew Health (Z).

H3: Product Quality (X3) positively influences Crew Health (Z).

H4: Reliability (X1) positively influences Crew Satisfaction (Y).

HS5: Responsiveness (X2) positively influences Crew Satisfaction (Y).

H6: Product Quality (X3) positively influences Crew Satisfaction (Y).

H7: Crew Health (Z) positively influences Crew Satisfaction (Y).

HS: Reliability (X1) positively influences Crew Satisfaction (Y) through the mediation of Crew Health
(2).

HO: Responsiveness (X2) positively influences Crew Satisfaction (Y) through the mediation of Crew
Health (Z).

H10: Product Quality (X3) positively influences Crew Satisfaction (Y) through the mediation of Crew
Health (Z).
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Figure 1. A Conceptual Framework

This framework synthesizes key insights from service quality literature P. T. Kotler and Armstrong
(2020); Parasuraman, Zeithaml, and Berry (1988) and extends prior work on maritime logistics Lau and
Yip (2017); Vu (2021) by empirically examining the mediating role of Crew Health between service
attributes and satisfaction. By emphasizing the human-centric dimension of ship chandler services
where crew well-being directly impacts operational performance, this study aligns with recent calls for
integrating health and safety into maritime supply chain management (Mary, Sharma, Malviya, Hamida,
& Zala, 2023).

The model also addresses sector-specific challenges, such as the criticality of a timely and nutritious
food supply for seafarers, while bridging theoretical gaps in understanding how Reliability,
Responsiveness, and Product Quality collectively enhance satisfaction through health outcomes (Gu et
al., 2020). Methodologically, it builds on the Service Quality (SERVQUAL) framework but adapts it
to the unique constraints of maritime logistics, where service delays or quality lapses can directly
compromise crew productivity and their morale.

By focusing on PMSol, this study offers practical insights for an industry undergoing rapid
modernization, highlighting how digitalization (e.g., real-time inventory tracking) and governance (e.g.,
ISO 9000 compliance) can synergize with traditional service quality metrics to optimize crew
satisfaction. Ultimately, this study contributes to both academic discourse and managerial practice by
demonstrating that investing in crew health is not only an ethical imperative but also a strategic lever
for business performance.

3. Methodology

3.1. Research Design

This study adopts a quantitative research approach, adapted from previous studies, which focuses on
numerical data collection and statistical analysis to examine the relationships among variables.
Quantitative research involves gathering numerical data from a representative sample of the target
population and applying statistical techniques to identify patterns and causal relationships (Murjani,
2022). This method allows broader generalizations about the population based on empirical data
collected from a sufficiently large and representative sample. The study was conducted at PT Pertamina
Marine Solutions (PMSol), located on Jalan Yos Sudarso No. 32, Jakarta Utara. Data were collected
using an online survey (Google Forms) distributed to ship crew members who received ship chandler
services. A cross-sectional approach was employed, where data were gathered at a single point in time
(within a span of days, weeks, or months) to obtain the responses needed for hypothesis testing.

The selection of a quantitative approach and PLS-SEM is strongly justified by the study objectives.
Quantitative methods are particularly suitable for testing complex causal relationships among multiple
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latent variables, allowing rigorous hypothesis testing and generalization of results. The use of PLS-
SEM offers advantages in predictive accuracy, tolerance for small-to-moderate sample sizes, and the
ability to analyze mediating variables within a single framework, making it well-suited for the maritime
logistics context, where access to respondents is limited. However, the cross-sectional design presents
limitations because it captures data only at one point in time. This restricts the ability to establish long-
term causal inferences or account for dynamic changes in crew health and satisfaction across voyages.
Future studies should employ longitudinal or mixed-method approaches to strengthen causal
interpretations and provide deeper insights into temporal variations in crew experiences.

3.2. Variable Operationalization

This study employs a quantitative research design incorporating three independent variables
(Reliability, Responsiveness, and Product Quality), one dependent variable (crew satisfaction), and one
mediating variable (crew health). Data collection was conducted through closed-ended questionnaires,
in which respondents were presented with predefined answer choices to ensure standardized responses.
The questionnaire items were carefully developed based on established theoretical frameworks (Afroj
et al. (2021), with each variable operationalized through specific dimensions and indicators.

Reliability (X1) refers to a ship chandler company's ability to provide consistent, timely, and promised
services (Afroj et al., 2021). This construction is measured using three indicators: X1-1 assesses the
company's dependability in fulfilling requests (consistency), X1-2 evaluates problem-solving
effectiveness (problem resolution), and X1-3 measures service delivery speed (service speed). These
indicators capture different aspects of reliability using Likert scale measurements of dependability level,
responsiveness rate, and service timeliness.

Responsiveness (X2) represents a company's willingness to promptly and effectively assist crew
members and address their needs (Afroj et al., 2021). The construction comprises three dimensions:
X2-1 examines service readiness (service availability), X2-2 assesses complaint-handling efficiency
(complaint resolution), and X2-3 evaluates regular facility maintenance checks (facility maintenance).
These indicators measure different aspects of service responsiveness through availability ratings,
satisfaction levels, and inspection frequency scales.

Product Quality (X3) reflects the quality of provisions (food supplies, equipment) provided by the ship
chandler (Nes, Antonioli, Di Marcantonio, & Ciaian, 2024). This variable includes three measurement
items: X3-1 evaluates the completeness of provision (facility completeness), X3-2 assesses product
quality standards (product standard), and X3-3 examines hygiene levels (hygiene condition). The
indicators utilize measurement scales for availability, quality rating, and hygiene standards to
comprehensively evaluate product quality.

Crew Health (Z) indicates the physical health condition of ship crew members influenced by the ship
chandler service and product quality. The construction is operationalized through two key health
aspects: Z1 measures the nutritional quality of food provisions (nutritional value), and Z2 evaluates
food hygiene standards (Hygiene Standard). These indicators assess health impacts using nutritional
levels and cleanliness rating scales, reflecting how service and product quality contribute to crew well-
being.

Crew Satisfaction (Y) represents crew members' overall satisfaction with ship chandler services. This
dependent variable is measured through multiple satisfaction dimensions linked to reliability,
responsiveness, and product quality. Satisfaction evaluation incorporates crew ratings of service
performance and overall experience, providing a comprehensive assessment of how service attributes
ultimately influence satisfaction levels.

Each variable was carefully operationalized based on established conceptual frameworks, with
indicators specifically designed to capture the unique aspects of ship chandlering services in maritime
contexts. The measurement scales were developed considering both theoretical relevance and practical
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applicability in field settings, ensuring robust construct validity and reliability for empirical testing of
the hypotheses.

3.3. Respondents

The respondents for this study comprised all ship crew members receiving ship chandler services from
PMSol. In determining the appropriate sample size for structural equation modeling (SEM) analysis,
this study adopted the guidelines proposed by Hair, Risher, Sarstedt, and Ringle (2019), which
recommend (1) an optimal sample size ranging between 100 and 200 respondents, and (2) calculating
the sample size based on the total number of indicators across all latent variables, with a multiplier of
5 to 10 times the number of indicators. Following these criteria, this study employed a sample size of
150 respondents, determined by multiplying the total number of indicators (15) by 10, thereby ensuring
robust statistical power and model stability for the SEM analysis.

The demographic profiles of the 150 respondents provided a comprehensive representation of PMSol's
maritime workforce. The age distribution reveals a predominantly young to middle-aged workforce,
with 35% aged 20-30 years, 33% in the 31-40 years bracket, 27% between 41-50 years, and a minority
(5%) over 51 years. Geographically, most crew members served domestic routes (93%) rather than
international voyages (7%). The gender composition shows a male-dominated industry (93%) with
limited female representation (7%). The operated vessel types include product tankers (45%), gas
carriers (34%), and crude oil tankers (21%). Position distribution indicates Deck Officers constitute the
majority (52%), followed by Engine Officers (32%), Deck Ratings (9%), and Engine Ratings (7%).
This profile accurately reflects the demographic and operational characteristics of maritime human
resources in Indonesia's shipping sector, ensuring adequate representation across key operational and
demographic variables.

3.4. Data Analysis

This study employs a quantitative approach using Partial Least Squares Structural Equation Modeling
(PLS-SEM) with SmartPLS 4.0.9.9 to examine the relationships between variables. The PLS-SEM
approach was selected for its advantages in handling predictive research with small-to-moderate sample
sizes. Its component-based nature allows for the simultaneous examination of multiple relationships
while accommodating both formative and reflective measurement models. This method was particularly
valuable for testing the mediating role of crew health in the proposed framework. The analysis began
with instrument testing to ensure validity and reliability, followed by hypothesis testing and model
evaluation. Data were collected from 150 PMSol ship crew members through an online survey using a
cross-sectional design to capture responses at a single point in time.

Descriptive statistics provided an overview of the respondents’ characteristics, including mean scores
and distribution patterns. Responses were interpreted using a 5-point scale (1.00-1.79=Very Low to
4.20-5.00=Very High). The analysis accounted for non-normal data distributions, as PLS-SEM does
not require normality assumptions, making it suitable for complex models with formative and reflective
constructs. The validity of the research instruments was assessed using convergent and discriminant
validity tests. Convergent validity was evaluated using outer loadings (>.70) and Average Variance
Extracted (AVE >.50), while discriminant validity employed the Fornell-Larcker criterion to ensure that
the constructs were distinct. Reliability was confirmed through Composite Reliability (p_c >.70) and
Cronbach's alpha (o >.60). Additionally, Variance Inflation Factor (VIF) testing verified the absence of
multicollinearity issues (VIF <3) in both the measurement and structural models.

Hypothesis testing was conducted using PLS-SEM with bootstrapping (500 subsamples) to examine
path coefficients. The significance of the relationships was determined using t-statistics (p<.05). The
model's predictive power was evaluated using R? values, with .19, .33, and .66 indicating weak,
moderate, and strong explanatory powers, respectively. The effect size (f?) and predictive relevance
(Q?) were also calculated, where Q*>0 confirmed the model's predictive capability.

The final model evaluation included Cross-Validated Predictive Ability Testing (CVPAT) to compare
the predictive performance against benchmark models. The comprehensive analytical approach ensured
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rigorous validation of the research model while providing meaningful insights into the relationships
between service quality, crew health, and satisfaction in the maritime logistics context.

4. Results and discussions
4.1. The Result & Data Analysis of Descriptive Statistics, Convergent Validity and Variance
Inflation Factor (VIF) Test

Table 1. Descriptive Statistics, Convergent Validity, VIF Test

Descriptive Statistics Coan:r'gent Variance Inflation

Validity Factor (VIF) Test
Mean Median Min Max Stndard  Outer —, op VIF

deviation Loading

X1-1 4.207 4.000 2.000 5.000 742 .858 1,549
X1-2 4260 4.000 2.000 5.000 .668 .848 .663 1,741
X1-3 4220 4.000 2.000 5.000 .692 731 1,381
X2-1 4.193 4.000 2.000 5.000 746 753 1,285
X2-2 4220 4.000 2.000 5.000 729 742 58 1,232
X2-3 4240 4.000 2.000 5.000 .699 .789 1,244
X3-1 4420 5.000 2.000 5.000 751 765 1,336
X3-2 4.333  4.000 3.000 5.000 .690 .799 .635 1,434
X3-3 4413 5.000 2.000 5.000 .675 .826 1,435
Z1 4540 5.000 3.000 5.000 .561 713 1,327
72 4280 4.000 2.000 5.000 767 767 .562 1,13
Z3 4480 5.000 2.000 5.000 .650 767 1,338
Y1l 4.640 5.000 3.000 5.000 .557 .762 1,25
Y2 4467 5.000 2.000 5.000 .639 775 588 1,295
Y3 4700 5.000 2.000 5.000 526 763 1,263

As shown in Table 1, the analysis of the descriptive statistics provides a comprehensive overview of
the respondents' perceptions across all measured variables. Crew Satisfaction (Y) achieved the highest
mean scores among all constructs, with indicators Y3 (mean=4.700) and Y1 (mean=4.640) showing
particularly strong results. The relatively low standard deviations (Y3 SD=.526; Y1 SD=.580) indicate
a high response consistency among the participants. For the Crew Health variable (Z), indicator Z1
recorded a mean of 4.540 with a standard deviation of .561, demonstrating both favorable ratings and
uniformity in responses. The Product Quality dimension (X3) showed slightly more variation,
particularly for indicator X3-1 (mean=4.420, SD=.751), suggesting some diversity in product quality
perceptions while maintaining generally positive evaluations of the product. Reliability (X1) and
Responsiveness (X2) variables both maintained mean scores above 4.0 across all indicators, with
standard deviations ranging from .650 to .746, indicating stable positive assessments with moderate
response variations. The median values for all variables consistently fell between 4.000-5.000,
confirming that most respondents provided favorable ratings. These robust descriptive results establish
a solid foundation for subsequent validity and reliability testing while providing valuable preliminary
insights into crew members' service quality perceptions in maritime operations.

Furthermore, as shown in Table 1, the measurement model demonstrated strong convergent validity
through two criteria: (1) outer loadings exceeding 0.7, confirming indicator-construct correlations
(Ghozali & Latan, 2014), and (2) Average Variance Extracted (AVE) values >.5, indicating that
constructs explained >50% of the indicator variance. While .5-.6 loadings remain acceptable in scale
development studies, all indicators in this research met the .7 threshold, ensuring reliable measurement
of their respective constructs without conceptual deviations.

Moreover, as shown in Table 1, the Variance Inflation Factor (VIF) results confirmed the absence of
multicollinearity, with all values below 3 (Hair et al., 2019). This indicates that the indicators
maintained sufficient independence, as no item showed excessive correlation (VIF>5) or potential
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overlap (VIF 3-5). The findings validate the measurement model's accuracy by ensuring indicator
distinctness and minimizing mutual influence during parameter estimation.

4.2. The Result &Data Analysis of Discriminant Validity (Fornell-Larcker), Reliability, and F
Square Test

Table 2. Discriminant Validity (Fornell-Larcker), Reliability, F Square Test
Discriminant Validity (Fornell-

Larcker) Reliability Test F Square Test
X1 X2 X3 Y z Crombach’s 0 o f- Notes
alpha - square

X1->Y .022 Low

X1 .8145 749 .855 X1>7 066 Low
X2->Y 156 Medium

X2 .6619 .7613 .639 .805 X2>7 060 Low

X3 6131 .6066 .7971 713 .839 X3>Y .070 Low
Y 4755 .6508 .6276 .7494 619 793 X3->7Z 207 Medium

Z 6363 .6296 .6858 .6536 .7668 .65 811 Z->Y .103 Low

As shown in Table 2, the discriminant validity assessment using the Fornell-Larcker approach
confirmed that all constructs in the research model were empirically distinct. The square roots of the
AVE for each construct (X1=.814, X2=.761, X3=.797, Y=.749, Z=.766) along the diagonal exceed all
corresponding inter-construct correlations in the off-diagonal positions. This finding satisfies the
Fornell-Larcker criterion (Ghozali & Latan, 2014), demonstrating adequate discriminant validity. The
results confirmed that each latent variable measured a unique concept, with no significant overlap
between constructs, thus validating the measurement model's ability to distinguish between different
theoretical concepts in subsequent analyses.

Furthermore, as shown in Table 2, the constructs demonstrated excellent internal consistency, with
composite reliability (rho_c) values exceeding the .7 threshold recommended by Hair et al. (2019) for
SEM analysis. Cronbach's alpha values were also reported as supplementary information; they
consistently fell within the acceptable range of .4-.7, further supporting the scales' reliability
(Ruseffendi, 2005). These results indicate that all measurement instruments consistently captured their
intended constructs, with the rho_c values confirming the stability of the measurements in the structural
equation modeling context. The combination of both reliability metrics provides comprehensive
evidence of the scales' psychometric soundness.

Moreover, as shown in Table 2, the effect size analysis revealed varying magnitudes of predictive
relationships in the model. Reliability (X1) showed weak effects on crew satisfaction (Y) (2=.022) and
crew health (Z) (2=.066). Responsiveness (X2) demonstrated a moderate effect on satisfaction (2=.156)
but a weak influence on health (f>=.060). Product quality (X3) exhibited a weak impact on satisfaction
(f>=.070) but a moderate effect on health (f>=.207). The mediating variable, crew health (Z), showed a
weak effect on satisfaction (f2=.103). These findings, interpreted using Cohen's (1988) guidelines
(.02=small, .15=medium, .35=large), provide a nuanced understanding of the relative importance of
each predictor variable in the research model.
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4.3. The Result & Data Analysis of R Square Test, Predictive Relevance, and CVPAT Cross-
Validated Predictive Ability Test (CVPAT)

Table 3. R Square Test, Predictive Relevance, CVPAT Test

R Square (R2) Test  Lredictive o «Validated Predictive Ability Test (CVPAT)
Relevance
R-square . Average Loss P
R-square adjusted Q’predict Differen%e (ALD) T value value Note
Y 557167 .544951 484 -.089 3.331 .001  Significant
Z 570802 .561983 .543 -.143 4.192 .000 Significant
Overall -.116 4.016 .000  Significant

As shown in Table 3, the coefficient of determination analysis revealed a moderate predictive power
for the endogenous variables. Crew Satisfaction (Y) achieved an R? of 0.557 (adjusted R?=.544),
classified as a moderate effect size according to Chin (1998), indicating that 55.7% of the satisfaction
variance is explained by the predictor variables. Crew Health (Z) showed a stronger predictive power
with R?=.570 (adjusted R?>=.561), falling into the high-effect category. The minimal differences between
the R? and adjusted R? values (<.016) confirm model stability without overfitting, particularly for the
health variable, which demonstrated superior explanatory power. These results empirically validate the
structural model's capability to explain both target constructs.

Furthermore, as shown in Table 3, the predictive relevance of the model was evaluated using Q? values,
where Q?>0 indicates adequate predictive power (Ghozali & Latan, 2014). Crew Health (Z)
demonstrated strong predictive relevance (Q*=.543), whereas Crew Satisfaction (Y) showed a weaker
but acceptable predictive capability (Q*=.0484). This differential performance suggests that the model
more effectively predicts health outcomes than satisfaction levels, possibly reflecting the more direct
relationship between service quality indicators and physical well-being compared to the more complex
determinants of overall satisfaction in maritime service contexts.

Moreover, as shown in Table 3, the Cross-Validated Predictive Ability Test (CVPAT Test) confirmed
the superiority of PLS-SEM over the Indicator Average (IA) approach. For Crew Satisfaction (Y), PLS-
SEM showed a significantly lower prediction error (average loss difference=-.089, t=3.331, p=.001).
The advantage was more pronounced for Crew Health (Z) (difference=-.143, t=4.192, p<.001). Overall,
PLS-SEM demonstrated consistent predictive superiority (aggregate difference=-.116, t=4.016,
p<.001), justifying its use for modeling complex relationships in maritime service research. These
results not only validate the research model but also highlight the effectiveness of PLS-SEM in
capturing industry-specific operational dynamics.

4.4. The Result & Data Analysis of Hypothesis (T-Test)

Table 4. Hypothesis Testing

Variable VIF STDEV T values P values

H1 X1 >7Z 2.04 .093 2.566 .01
H2 X2 ->7Z 2.01 .089 2.559 011
H3 X3 >Z 1.81 .085 4.721 0

H4 X1 ->Y 2.33 .085 1.718 .086
H5 X2 >Y 2.17 .091 4212 0

Heo X3>Y 2.13 .092 2.839 .005
H7 7Z>Y 2.18 .099 3.302 .001
HS8 Xl>Z->Y .037 2.105 .035
H9 X2>7Z->Y .037 1.99 .047
H10 X3>7Z->Y .054 2.436 .015
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As shown in Table 4, the hypothesis testing in this study aimed to evaluate the relationships between
the latent variables in the structural model. This evaluation was conducted by analyzing the path
coefficients and T-statistics obtained through the bootstrapping technique with 500 samples. Path
coefficients describe the strength and direction of the influence between constructs, as specified in the
hypotheses. Positive coefficients (>0) indicate positive relationships, whereas negative coefficients (<0)
indicate inverse relationships. The bootstrapping technique generated T-statistic distributions used to
determine relationship significance, with values >1.96 at the 5% significance level (p<.05) considered
statistically significant. These results were visualized in a path diagram showing the coefficients and T-
statistics for all model relationships.

4.4.1. Hypothesis 1 (H1): Reliability (X1) — Crew Health (Z)

The first hypothesis test yielded a T-statistic of 2.566 (p=.010<.05), supporting H1. This indicates that
reliability significantly affects crew health, with a positive coefficient suggesting that improved
reliability enhances health conditions. The VIF of 2.03 confirms no multicollinearity between reliability
and crew health (VIF<S5). Previous studies by Jimanto (2014) and Vu (2021) support these findings,
demonstrating the crucial role of reliability in maintaining crew health through consistent delivery,
product quality, and accurate information. At PMSol, descriptive data showed that indicator X1-2
(quality consistency) had the highest mean (4.227, "Very High" category) among reliability measures,
with a low standard deviation (0.665), indicating respondent consensus.

4.4.2. Hypothesis 2 (H2): Responsiveness (X2) — Crew Health (Z)

The second hypothesis test produced a T-statistic of 2.559 (p=.011<.05), supporting H2. This proves
that responsiveness significantly influences crew health, with a positive coefficient indicating that better
responsiveness improves health outcomes (VIF=2.01<5). These findings align with Lau and Yip (2017)
and Maramis, Sepang, and Soegoto (2018), who identified emergency response capability and
nutritional supply chain management as critical health determinants. At PMSol, indicator X2-3
(complaint handling speed) showed the highest mean (4.327, "Very High") and lowest standard
deviation (.648) among responsiveness measures, reflecting a strong positive consensus.

4.4.3. Hypothesis 3 (H3): Product Quality (X3) — Crew Health (Z)

The third hypothesis test revealed a highly significant T-statistic of 4.721 (p=.000<.05), strongly
supporting H3. The large coefficient confirms that product quality is the dominant factor affecting crew
health (VIF=1.81<5). Research by Daryanto and Setyobudi (2014) and Maramis et al. (2018)
corroborates these results, emphasizing nutritional food quality and medical equipment standards as
primary health determinants. PMSol's quality control practices showed significant effects, with
indicators X3-1 (completeness) and X3-3 (hygiene) both having "Very High" means (4.427 and 4.393,
respectively), despite relatively higher standard deviations (>.69) indicating some response variation.

4.4.4. Hypothesis 4 (H4): Reliability (X1) — Crew Satisfaction (Y)

The fourth hypothesis test showed a T-statistic of 1.718 (p=.086>.05), rejecting H4. Although the path
coefficient was positive, its strength did not reach statistical significance (VIF=2.33<5). This aligns
with Sayekti, Tarigan, Endang Wijayanti, and Utami (2022), who found that reliability might not
directly affect satisfaction in certain service contexts. At PMSol, despite "High" to "Very High" means
for reliability indicators (X1-1=4.180, X1-2=4.227, X1-3=4.160), their impact on satisfaction was
insignificant, suggesting that the influence of reliability occurs indirectly through health improvement,
as tested in subsequent hypotheses.

4.4.5. Hypothesis 5 (HS5): Responsiveness (X2) — Crew Satisfaction (Y)

The fifth hypothesis test produced a significant T-statistic of 4.212 (p=.000<.05), supporting H5. The
large coefficient establishes responsiveness as a key determinant of satisfaction (VIF=2.17<5). Mary et
al. (2023) similarly, identified responsiveness as a primary satisfaction driver in maritime services
through quick request handling and effective complaint resolution. PMSol's implementation showed
that indicator X2-3 (facility condition checks) had the highest mean (4.327, "Very High") and lowest
standard deviation (.648), reflecting consistent positive evaluations.
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4.4.6. Hypothesis 6 (H6): Product Quality (X3) — Crew Satisfaction (Y)

The sixth hypothesis test yielded a T-statistic of 2.839 (p=.005<.05), supporting H6. The positive
coefficient confirms that product quality significantly enhances customer satisfaction (VIF=2.13<5).
Daryanto and Setyobudi (2014) and P. Kotler and Keller (2016) found that product quality exceeding
expectations, particularly for nutritious food and safe equipment, was strongly correlated with user
satisfaction. PMSol's efforts showed that all product quality indicators (X3-1=4.427, X3-2>4.2, X3-
3=4.393) achieved "Very High" means, despite standard deviations >.5 indicating some perception
variation.

4.4.7. Hypothesis 7 (H7): Crew Health (Z) — Crew Satisfaction (Y)

The seventh hypothesis test revealed a significant T-statistic of 3.302 (p=.001<.05), supporting H7. This
proves that crew health positively affects satisfaction (VIF=2.18<5). Gu et al. (2020); Sharma,
Liengaard, Hair, Sarstedt, and Ringle (2023) corroborate that optimal physical health enables more
productive and comfortable work, ultimately increasing job satisfaction. Secondary data show that
companies with strong health programs achieve 25% higher satisfaction. At PMSol, indicators Z1
(nutritional quality, mean=4.547) and Z3 (safety, mean=4.480), both "Very High," were key factors.

4.4.8. Hypothesis 8 (H8): Reliability (X1) — Crew Health (Z) — Crew Satisfaction (Y)

The eighth hypothesis test showed a T-statistic of 2.105 (p=.035<.05), supporting H8. This confirms
that crew health significantly mediates the effect on the satisfaction. Gu et al. (2020); Vu (2021) found
similar patterns where reliable services affect satisfaction through health improvements by consistently
providing basic health necessities. At PMSol, trust in problem response (X1-2 mean=4.227) enhanced
perceived health, subsequently affecting satisfaction, explaining why the direct effect of reliability (H4)
was insignificant, as its primary influence occurred through this mediation path.

4.4.9. Hypothesis 9 (H9): Responsiveness (X2) — Crew Health (Z) — Crew Satisfaction (Y)

The ninth hypothesis test produced a T-statistic of 1.990 (p=.047<.05), supporting H9. This establishes
crew health as a significant mediator between responsiveness and satisfaction. Lau and Yip (2017);
Maramis et al. (2018) explain this through consistent emergency health need responses, where quick
reactions to medicine or special food requests prevent serious health issues. PMSol's practices showed
regular facility checks (X2-3 mean=4.327) and service readiness (X2-1 mean=4.207), both "Very
High," which contributed to perceived health improvements that increased satisfaction.

4.4.10. Hypothesis 10 (H10): Product Quality (X3) — Crew Health (Z) — Crew Satisfaction (Y)

The tenth hypothesis test yielded a T-statistic of 2.436 (p=.015<.05), supporting H10. This confirms
that crew health significantly mediates product quality and satisfaction. Daryanto and Setyobudi (2014)
and P. Kotler and Keller (2016) found that high-quality products, especially nutritious foods, directly
improve consumer health. At PMSol, complete facilities (X3-1 mean=4.427) and clean, hygienic food
products (X3-3 mean=4.393), both rated as "Very High," enhanced the perceived crew health,
subsequently increasing satisfaction.

5. Conclusions

5.1. Conclusion

This study reveals three key findings regarding the impact of service quality on PMSol. First, reliability,
responsiveness, and product quality significantly affected crew health, with product quality showing
the strongest influence. Second, while responsiveness and product quality directly enhance crew
satisfaction, reliability only indirectly impacts satisfaction through improved health. A novel finding
suggests that health acts as a full mediator of reliability but a partial mediator of other factors. Third,
the mediation analysis demonstrates that health serves as a critical pathway linking service quality to
satisfaction, emphasizing its central role in maritime service evaluations.

To optimize service quality, PMSol should prioritize four strategic improvements: (1) implementing
digital inventory management for real-time stock monitoring, (2) optimizing logistics networks through
smart route analysis, (3) intensive training programs for ship chandler staff focusing on complex request
handling, and (4) establishing 24/7 emergency response units. These measures specifically target
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reliability gaps while maintaining the existing responsiveness and product quality standards. The health
mediation findings further suggest integrating crew health metrics into service KPIs and developing
digital platforms linking service data with medical records.

Beyond its practical implications, this study advances maritime management research by positioning
crew health as a pivotal mediating construct in service quality theory. Unlike prior studies that
emphasize the effects of service quality primarily on satisfaction or loyalty, the findings demonstrate
that in maritime contexts, health is not merely an outcome variable but a central mechanism through
which service attributes operate. This enriches the application of the SERVQUAL framework by
adapting it to high-risk, labor-intensive environments, where reliability contributes to satisfaction only
when it is filtered through health outcomes. By integrating human well-being into service evaluation,
this study expands the theoretical discourse in maritime logistics, offering a human-centered lens for
future research on supply chain services in seafaring industries.

5.2. Suggestions
Based on the study’s findings and conclusions, several recommendations are proposed.
1. For PMSol and Maritime Practitioners

a. Strengthen product quality control: As product quality has the strongest impact on crew health
and satisfaction, PMSol should implement stricter quality assurance mechanisms, including
freshness inspections, supplier audits, and hygiene certifications.

b. Enhancing Reliability Through System Integration: Reliability gaps can be minimized by
adopting digital inventory management systems and integrating them with logistics operations to
ensure consistency and timeliness in supply deliveries.

c. Embed Health Metrics into Service Evaluation: Develop crew health monitoring as a key
performance indicator (KPI) for service evaluation, linking supply chain performance directly to
the nutrition and health outcomes of crew members.

d. Improve Responsiveness via Training and Emergency Systems: Provide regular training for ship
chandler staff on handling urgent and complex crew requests and establish 24/7 emergency
response units to support critical supply needs.

e. Leveraging Technology for Crew Well-Being: Digital platforms that connect supply service data
with crew health records should be created to enable real-time monitoring and proactive
interventions when supply quality affects well-being.

2. For Policy Makers and Industry Stakeholders

a. Incorporate health-centered service standards into maritime regulations to ensure that crew
welfare is embedded within supply chain compliance frameworks.

b. Promote collaboration between ship chandler companies, health authorities, and port agencies to
develop integrated maritime welfare policies.

3. For Future Research

a. Longitudinal studies should be conducted to capture changes in service quality, health, and
satisfaction across different voyages, overcoming the limitations of the cross-sectional design
used in this study.

b. Expanding the model by including additional variables such as safety culture, digitalization, or
leadership practices to gain deeper insights into the holistic determinants of crew satisfaction.

c. The framework should be applied to different maritime contexts and companies beyond PMSol,
thereby strengthening the generalizability of the findings in the global shipping and logistics
sectors.
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