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Abstract: This study evaluates the operational and economic impacts of implementing the Electronic Chart 
Display and Information System (ECDIS) across the maritime distribution of fertilizers and seeds. Using the 
commercial vessel MV Caraka 123 as a representative macro-model for Indonesian archipelagic logistics, the 
research directly addresses a critical gap. While the technical safety advantages of ECDIS are widely 
acknowledged, empirical evidence quantifying its actual financial return on investment remains severely limited. 
A quantitative approach utilizing Partial Least Squares Structural Equation Modeling (PLS-SEM) was employed. 
The study analyzed perceptual survey data from 200 active maritime personnel integrated alongside objective, 
ratio-scale ship logs. The results decisively indicate that optimal ECDIS implementation heavily drives logistics 
cost efficiency (β = 0.815, p < 0.001). This efficiency manifests primarily through substantial, verifiable reductions 
in fuel consumption and voyage time a direct result of highly accurate route planning and real-time 
environmental monitoring. Furthermore, the findings demonstrate that the objective navigational safety records 
generated by ECDIS provide ship operators with a robust, data-backed foundation for negotiating lower marine 
insurance premiums by demonstrably mitigating claim risks. Ultimately, the structural model confirms that 
ECDIS digitalization acts not merely as a regulatory safety requirement, but as a strategic financial investment 
delivering tangible savings in both operational and risk-management expenditures. 
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1. Introduction 

 
Maritime logistics functions as the definitive 

backbone of national economic development and 
food security. This is undeniably true for 
archipelagic states like Indonesia, where the 
distribution of strategic commodities relies 
heavily on efficient sea transportation networks 
[1]. Reality on the water, however, is rarely 
straightforward. Navigating through highly 
dynamic weather conditions and complex 
shipping lanes presents massive operational 
hurdles [2]. Traditional maritime operations that 
lack advanced digital navigation systems are 
extremely susceptible to route inefficiencies. 
They suffer from extended travel times and face 
severely heightened risks of maritime accidents 
[3], [4]. These operational bottlenecks inevitably 

lead to increased fuel consumption while 
exposing sensitive cargo to damage [5]. The 
frequency of such navigational incidents directly 
impacts a vessel's claim history. Naturally, this 
drives up marine insurance premiums for both 
hull and machinery as well as the cargo itself [6]. 

To survive these crushing operational 
pressures, the maritime industry has to adapt. 
Digital transformations aligned with the Fourth 
Industrial Revolution are being rapidly adopted 
to push operational safety and efficiency forward 
[7]. Integrating the Internet of Things and digital 
ecosystems drastically increases supply chain 
visibility, fundamentally reducing risks in 
maritime transport [8]. A pivotal technological 
leap in this specific domain is the Electronic Chart 
Display and Information System (ECDIS) [9]. 
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Mandated by the International Maritime 
Organization to replace conventional paper 
charts, ECDIS operates as a computer-based 
navigation system integrating real-time data 
from various shipboard sensors [10]. By 
delivering continuous vessel position monitoring 
alongside optimized route planning and 
proactive alarms, ECDIS massively improves 
situational awareness. It effectively mitigates 
human error [11], [12]. Yet, herein lies the 
primary research gap. While the technical and 
safety benefits of ECDIS are extensively 
documented, empirical evidence quantifying its 
actual economic impacts remains conspicuously 
scarce [13]. Previous research tends to obsess 
over human factors, safety protocols, and the 
basic operational challenges of electronic 
navigation systems [14]. Comprehensive 
investigations directly correlating optimal ECDIS 
implementation with tangible financial returns 
are practically nonexistent [15]. The financial 
implications of integrating such advanced 
technologies demand rigorous statistical 
validation to actually prove their economic value 
beyond mere regulatory compliance [16]. 

To address this critical literature gap, this 
study evaluates the true economic impact of 
ECDIS implementation on maritime logistics and 
insurance costs. Utilizing a quantitative approach 
through Partial Least Squares Structural Equation 
Modeling (PLS-SEM), the research analyzes 
survey data collected from 200 active seafarers. 
Crucially, this study does not treat the 
commercial vessel MV Caraka 123 as an isolated 
single-vessel case. Instead, it utilizes the vessel's 
operations as a representative macro-model for 
the broader maritime distribution of fertilizers 
and seeds across the Indonesian archipelago. The 
established structural model maps out a very 
clear causal mechanism: optimal ECDIS utilization 
directly enables highly precise route planning. 
This precision directly cascades into logistical cost 
efficiency by slashing fuel consumption and 
travel time. Consequently, this verified reduction 
in operational risk and improved safety 
compliance provides the exact leverage needed 
for negotiating shipping insurance adjustments. 
By contextualizing this operational reality, the 
study provides hard empirical evidence showing 
exactly how navigational digitalization functions 
as a strategic economic investment. 

 
2. Materials and Methods 

 
2.1. Research Design and Participants 

This study executes a quantitative research 
design to evaluate the true operational and 
economic impacts of ECDIS implementation. We 
focused the research context specifically on the 
maritime distribution of fertilizers and seeds. To 
conclude, the commercial vessel MV Caraka 123 
serves as our primary operational scope. We 
needed robust empirical data, so we deployed a 
structured survey targeting exactly 200 active 
seamen. 

Selecting the right participants was critical. 
Consequently, a purposive sampling technique 
was utilized. The respondent profile primarily 
consists of deck officers and marine logistics 
personnel. To ensure data validity, our inclusion 
criteria strictly required respondents to possess 
direct hands-on experience in operating ECDIS 
and active involvement in maritime logistics 
protocols. The data collection period ran from 
June to September 2025, capturing a 
comprehensive operational window. A sample 
size of 200 respondents is considered highly 
adequate for structural equation modeling 
because it guarantees sufficient statistical power 
to detect meaningful relationships among the 
variables [17]. 

. 
2.2. Variables and Measurement 

The conceptual model features several 
interconnected latent constructs. The exogenous 
variables include ECDIS Operations and 
Distribution Activities. On the flip side, the 
endogenous variables consist of Logistics Costs 
and Shipping Insurance. 

ECDIS Operations constructs measures the 
practical effectiveness of digital route planning, 
real-time route monitoring, and crew responses 
to navigational alarms [18]. To capture the real 
financial impact, the study did not just rely on 
opinions. We deliberately combined perceptual 
survey data with actual operational ratio scales. 

This specific approach directly addresses the 
methodological challenge of variable integration. 
We measured ECDIS indicators using a standard 
1-to-5 Likert scale to capture operator 
perceptions. In contrast, variables like Logistics 
Costs, Fuel Consumption, Travel Time, Insurance 
Premiums, and Claims were extracted directly 
from actual operational log data as continuous 
ratio scales. To integrate these completely 
distinct data types into the PLS-SEM model, the 
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ratio-scale variables were standardized. This 
transformation allows the variance-based PLS 
algorithm to process objective operational 
metrics alongside perceptual survey data without 
causing any scaling conflicts. 

 
Table 1. Variable Operational Scales 

No Variable Scale 

1 ECDIS Indicators Likert 1 to 5 
2 Fuel Consumption Ratio (liters) 
3 Travel Time Ratio (hours) 
4 Logistics Costs Ratio (IDR) 
5 Premium and Claims Ratio (IDR) 

 
2.3. Data Analysis Procedure 

We analyzed the data collected utilizing 
Partial Least Squares Structural Equation 
Modeling (PLS-SEM) via SmartPLS software. This 
variance-based modeling technique perfectly 
handles complex frameworks comprising 
multiple independent and dependent variables. 
More importantly, it completely bypasses the 
need for strict assumptions of data normality 
[19]. 

The analytical process unfolded in two 
primary stages. First, we evaluated the 
measurement model (outer model). This step is 
necessary to prove that our indicators reliably 

and validly measure their respective latent 
constructs. We assessed convergent validity 
through outer loadings and the Average Variance 
Extracted (AVE). Internal consistency was 
confirmed using Composite Reliability scores. 

The second stage tackled the structural model 
(inner model) to examine the actual causal 
relationships. To rigorously test the proposed 
hypotheses and determine the statistical 
significance of the path coefficients, we applied a 
bootstrapping procedure generating 5000 
subsamples. The relationships were evaluated 
based on the resulting T-statistics and P-values. 
This provides robust statistical validation for the 
actual economic benefits claimed from ECDIS 
implementation [20]. 

 
3. Results  
 
3.1. Measurement Model  

We initiated the PLS-SEM analysis by 
thoroughly evaluating the measurement model. 
It is not enough to simply run the numbers; the 
constructs must empirically prove their reliability 
and validity before any causal claims can be 
made. The outer model diagram visually captures 
the specific relationships between the latent 
variables and their respective operational 
indicators.

 

 
Figure 1. PLS-SEM Outer Model Diagram 

To establish convergent validity, we 
meticulously examined the factor loadings of 
every single indicator. All indicators yielded 
robust factor loadings exceeding the strict critical 
threshold of 0.70. This demonstrates that the 
indicators function as highly valid measures of 
their respective latent variables. We then 

confirmed the internal consistency and reliability 
of the model through the Composite Reliability 
(CR) and Average Variance Extracted (AVE) 
metrics. The CR values comfortably exceeded the 
0.70 benchmark. Simultaneously, the AVE values 
surpassed the 0.50 minimum requirement, 
indicating that the latent variables explain more 
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than 50 percent of the variance in their 
underlying indicators. A summary of these initial 

validity and reliability test results is presented in 
Table 2.

 
 

Table 2. Summary of The Validity and Reliability Test 

Variable / Indicator 
Factor 

Loading 
Composite 

Reliability (CR) 

Average 
Variance 

Extracted (AVE) 
Information 

ECDIS Implementation (X)  0.915 0.782  

X1. Route Planning Quality 0.88   Valid 

X2. Monitoring Effectiveness 0.92   Valid 

X3. Alarm Response 0.85   Valid 

Logistics Cost Efficiency (Y1)  0.885 0.792 
Valid & 
Reliable 

Y1.1. Fuel Consumption 
Reduction 

0.9   Valid 

Y1.2. Travel Time Reduction 0.87   Valid 

 
Following convergent validity, we assessed 

discriminant validity to ensure that each 
construct is empirically distinct from the others 
within the structural model [21]. Additionally, we 
evaluated the Variance Inflation Factor (VIF) to 

detect any potential collinearity issues among the 
predictor constructs. All VIF values remained well 
below the conservative threshold of 3.0, 
completely ruling out problematic 
multicollinearity [22].

 
Table 3. Discriminant Validity and Collinearity Statistics 

Construct Discriminant Validity (HTMT Ratio) Inner VIF Values Collinearity Status 

ECDIS Implementation 0.642 (Passed < 0.90) 1.452 No Multicollinearity 

Distribution Activities 0.718 (Passed < 0.90) 1.834 No Multicollinearity 

Logistics Cost Efficiency 0.785 (Passed < 0.90) 2.115 No Multicollinearity 

Shipping Insurance 0.590 (Passed < 0.90) 1.766 No Multicollinearity 

 
3.2. Structural Model 

Once the measurement model secured full 
validation, we shifted our focus to the structural 
model to explicitly test the hypothesized causal 
relationships. The predictive power of the 
framework is represented by the R-squared 
values. The analysis revealed a formidable 
predictive capability. The model successfully 
explains 70.5 percent of the variance in logistics 
costs and 50.9 percent of the variance in shipping 
insurance. 

To determine the true statistical significance 
of the path coefficients, we executed a rigorous 
bootstrapping procedure utilizing 5000 
subsamples. The path coefficients chart provides 

a clear visual representation of the direct effects 
between the latent constructs. 

The hypothesis testing results bring the 
significant economic impact of ECDIS 
implementation into sharp focus. The specific 
path coefficient from ECDIS implementation to 
logistics cost efficiency is highly substantial, 
generating a positive value of 0.815. The 
bootstrapping analysis confirms this exact 
relationship is statistically significant. It yielded a 
massive T-statistic of 9.250 and a P-value of 
0.000, which absolutely crushes the 1.96 critical 
value required for a 95 percent confidence 
interval.
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Figure 2. Path Coefficients Chart 

Furthermore, distribution activities 

demonstrate a strong positive influence on 

overall cost formation (T-statistic = 5.767). 

Consequently, these accumulated logistics costs 

act as a highly significant predictor for shipping 

insurance parameters (T-statistics = 2.122). These 

structural paths empirically validate the core 

premise: operational improvements generated 

by digital navigation systems directly and 

consistently cascade down to tangible financial 

savings and risk mitigation. The comprehensive 

outcomes of the hypothesis testing are detailed 

in Table 3.

 
Table 4. Hypothesis Testing Result 

Hypothesized Relationship 
Path 

Coefficient 
(β) 

Standard 
Deviation 
(STDEV) 

T 
Statistic 

P 
Value 

Information 

ECDIS Implementation -> 
Logistics Cost Efficiency 

0.815 0.088 9.25 0 Significant 

Distribution Activities -> 
Logistics Costs 

0.564 0.098 5.767 0 Significant 

Logistics Costs -> Shipping 
Insurance 

0.353 0.166 2.122 0.034 Significant 

 
4. Discussion 

 
The primary objective here was never just to 

confirm that ECDIS is a reliable safety tool. We 
wanted to rigorously evaluate its true economic 
impact on maritime logistics and insurance costs. 
The findings confirm a very strong, empirically 
backed causal relationship: utilizing advanced 
digital navigation systems directly drives logistics 
cost efficiency. The substantial path coefficient 
we observed in the structural model validates a 

crucial point. Transitioning away from traditional 
paper charts is not just about ticking a regulatory 
compliance box; it acts as a core economic driver 
for modern ship operators [23]. 

The significant reduction in fuel consumption 
and travel time doesn't happen by accident. It is 
directly attributed to the advanced route 
planning and continuous monitoring capabilities 
of the ECDIS framework [24]. The system 
integrates real-time sensor data constantly. This 
allows navigators to proactively dodge adverse 
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weather systems and optimize cruising speeds on 
the fly [25]. This exact operational precision 
eliminates unnecessary delays and aggressive 
maneuvering. Ultimately, that translates directly 
into lowered operational expenditures. These 
specific findings align perfectly with previous 
maritime studies, which emphasize that digital 
route optimization is a non-negotiable 
component in managing total logistics costs and 
improving supply chain reliability [26]. 

Now, regarding the financial implications for 
risk management. The results clearly illustrate 
how improved navigational operations influence 
shipping insurance parameters, but we must be 
precise here. Installing ECDIS does not magically 
or automatically reduce insurance premiums. 
Rather, enhanced safety records driven by 
specific ECDIS features like safety contour alarms 
and anti-grounding warnings drastically reduce a 
vessel's actual exposure to maritime accidents 
and cargo damage [27]. 

In the marine insurance industry, 
underwriters base premium pricing heavily on a 
vessel's loss experience and historical claim data 
[28]. This is exactly where the technology pays off 
financially. By utilizing the comprehensive, 
objective log data generated by ECDIS, ship 
operators can physically demonstrate robust 
safety compliance. They are not just claiming to 
be safe; they have the verified digital footprint to 
prove it. This irrefutable evidence provides ship 
operators with the tangible leverage needed to 
actively negotiate more competitive premiums 
for both hull and machinery and cargo insurance 
[29]. This risk-adjusted economic benefit truly 
highlights the multidimensional value of 
maritime digitalization. 
 
4.1 Limitations  

While this study provides valuable empirical 
evidence, we must acknowledge a few 
methodological limitations. The research context 
centers heavily on the operational scope of 
fertilizer and seed distribution, utilizing MV 
Caraka 123 as the primary representative model 
alongside a survey sample of 200 seamen. 
Consequently, sweeping generalizations to 
entirely different shipping segments like massive 
container fleets or commercial cruise vessels 
should be made with caution [30]. Additionally, 
the cross-sectional nature of our survey data 
limits our ability to track economic fluctuations 
over an extended timeline. Future research 

should consider longitudinal studies across 
diverse vessel types to accurately map out the 
long-term financial impacts of maritime digital 
technologies. 

 
5. Conclusions  

 
The integration of the Electronic Chart Display 

and Information System (ECDIS) clearly extends 
far beyond basic navigational safety. It functions 
as a definitive catalyst for the economic viability 
of modern maritime operations. Our empirical 
analysis provides robust statistical validation: the 
optimal utilization of ECDIS significantly slashes 
logistics costs. The financial benefits are primarily 
realized through tangible, measurable reductions 
in fuel consumption and voyage time. This is 
directly facilitated by the system's superior route 
planning and real-time monitoring capabilities. 

Furthermore, the enhanced safety protocols 
and reduced navigational risks associated with 
ECDIS utilization offer a massive strategic 
advantage. They actively mitigate claim risks. This 
proactive risk management framework creates 
verified opportunities for ship operators to 
secure lower marine insurance premiums by 
using digital log data as negotiation leverage. 
Ultimately, investing in advanced maritime 
technologies is no longer optional. It is essential 
for operators to aim to increase operational 
efficiency, ensure cargo security, and maintain 
fierce economic competitiveness in the modern 
shipping industry. 
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