
Journal of Business Finance and Economic (JBFE) 
Volume 5, Nomor 1, Juni 2024 
https://journal.univetbantara.ac.id/index.php/jbfe 
 

P-ISSN: 2746-6906 
E-ISSN: 2746-6914 
 

 
 

 

  

Integration of Ship Machinery Maintenance and Control Systems in 
Maritime Education: Enhancing Industry Readiness 

 
R.Herlan Guntoro1* , Pargaulan Dwikora Simanjuntak2 

1Maritime Institute of Jakarta (Sekolah Tinggi Ilmu Pelayaran Jakarta), Indonesia 
Alamat: Jl. Marunda Makmur No. 1 Cilincing, Jakarta Utara. Jakarta 14150 

Corresponding author: herlanguntoro31@gmail.com  

 
Abstract. This research investigates ship machinery maintenance and control systems within maritime 
transportation vocational schools, focusing on integrating practical experiences and stakeholder perspectives. 
Qualitative data from maritime professionals, educators, and senior cadets highlight the importance of predictive 
maintenance strategies and advanced technologies such as IoT and AI in enhancing operational efficiency and 
reducing costs. The study identifies a skills gap among professionals, emphasising the need for continuous 
training to bridge this divide. Longitudinal internship analysis reveals significant skill development and practical 
knowledge acquisition among senior cadets, underscoring the effectiveness of experiential learning in vocational 
education. Furthermore, a transdisciplinary approach elucidates trends in sustainability integration, promoting 
eco-friendly practices and economic resilience within maritime operations. The findings advocate for curriculum 
updates that align with industry demands, preparing graduates for sustainable and competitive careers in the 
evolving maritime sector. 
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1. INTRODUCTION 

In the realm of maritime education and vocational training, the imperative to foster 

sustainability and resilience within the ecosystem of maritime operations is increasingly vital 

(Baylon & Santos, 2011; Ghosh et al., 2014). This research delves into the intricate domain of 

ship machinery maintenance and control systems, situated within the broader context of 

maritime transportation vocational schools. These institutions play a pivotal role in preparing 

future seafarers and maritime professionals equipped with the knowledge and skills necessary 

to navigate the challenges of a rapidly evolving industry (Oldenburg et al., 2010). Central to 

this study is the integration of qualitative perspectives and experiential insights from various 

stakeholders: maritime professionals, seasoned educators, and senior cadets who have 

immersed themselves in year-long internships within port and shipping environments. 

The primary objective of this research is multifaceted. Firstly, it aims to comprehensively 

understand the practical challenges and perspectives inherent in ship machinery maintenance 

and control systems from the viewpoint of industry experts and educators alike. This qualitative 

approach not only elucidates current practices but also identifies gaps between theoretical 

knowledge imparted in classrooms and the practical demands of maritime operations. 

Secondly, the research endeavours to evaluate the efficacy of prolonged internships—

specifically 12-month immersive experiences—on the skill development and professional 

readiness of senior cadets. By examining these internships longitudinally, the study seeks to 
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delineate how practical exposure enhances understanding and proficiency in ship machinery 

maintenance, thus bridging the gap between academic learning and industry application. 

At its core, this research addresses critical gaps within maritime education and vocational 

training. Historically, vocational schools have focused predominantly on theoretical 

instruction, often overlooking the practical intricacies demanded by the maritime industry 

(Toriia et al., 2023; Tvedt et al., 2018). This dichotomy results in graduates who may possess 

theoretical knowledge but lack the hands-on skills crucial for effective ship machinery 

maintenance and control. By integrating insights from maritime professionals and educators, 

this study aims to refine and augment existing curricula to better align with industry 

expectations and technological advancements. Moreover, the research identifies a pressing 

need to infuse sustainability science principles into vocational education. As global imperatives 

for environmental stewardship intensify, maritime operations must adapt to mitigate ecological 

impact and bolster economic resilience (Cicek et al., 2019). Thus, by fostering an 

interdisciplinary approach that integrates sustainability principles into maritime education, this 

study aims to cultivate a new generation of maritime professionals equipped to navigate 

complex environmental and economic landscapes. 

This research embarks on a critical exploration of ship machinery maintenance and 

control systems within maritime transportation vocational schools. By leveraging qualitative 

methodologies and engaging diverse stakeholders, the study seeks to enhance educational 

practices, bridge knowledge-practice gaps, and foster sustainability in maritime operations 

(Agrifoglio et al., 2017; Mallam et al., 2019). Through its comprehensive approach, this 

research aims to contribute substantively to the fields of maritime management education, 

marine science, and sustainability studies, positioning vocational schools as pivotal hubs for 

cultivating expertise and resilience in the maritime industry of tomorrow. 

 

2. THEORETICAL REVIEW 

The theoretical framework and literature review for this study delve into the multifaceted 

aspects of maritime science, port and shipping management studies, and their intersection with 

vocational education. These disciplines are crucial in preparing future professionals for the 

challenges and responsibilities inherent in the maritime industry, particularly in ship machinery 

maintenance and control systems. 

Maritime science encompasses a broad spectrum of disciplines, ranging from naval 

architecture and marine engineering to oceanography and maritime economics. It serves as the 

foundation for understanding the principles governing marine environments and the 
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technologies essential for maritime operations. Within vocational education, courses in 

maritime science provide students with theoretical knowledge and practical skills necessary for 

effective navigation, vessel operations, and marine resource management. The integration of 

maritime science into vocational curricula ensures that students acquire a comprehensive 

understanding of marine systems and technologies, thereby preparing them to contribute 

effectively to the maritime sector upon graduation. 

Port and shipping management studies focus on the operational and strategic aspects of 

port facilities and shipping logistics (Joseph & Dalaklis, 2021). This field addresses the 

complexities of managing port infrastructures, handling cargo operations, and optimizing 

supply chain logistics to enhance efficiency and profitability. Courses in port and shipping 

management equip students with skills in logistics planning, port operations management, and 

regulatory compliance within the maritime industry (Toriia et al., 2023). The curriculum often 

includes practical exercises and case studies to simulate real-world scenarios, enabling students 

to develop critical thinking and decision-making skills essential for managerial roles in ports 

and shipping companies. 

The convergence of maritime science and port and shipping management studies is 

particularly evident in disciplines such as ship machinery maintenance and control systems. 

Ship machinery encompasses the intricate systems and components vital for the operation and 

propulsion of vessels, including engines, propulsion systems, and auxiliary machinery (Da 

Costa et al., 2019). Maintenance of these systems is crucial to ensuring vessel safety, 

operational efficiency, and compliance with international maritime regulations. Control 

systems, on the other hand, involve the automation and monitoring mechanisms that regulate 

various onboard systems, contributing to safe navigation and efficient energy management. 

Theoretical frameworks underpinning ship machinery maintenance and control systems 

draw from disciplines such as mechanical engineering, electrical engineering, and automation 

technology. These frameworks focus on principles of reliability engineering, predictive 

maintenance strategies, and human-machine interfaces to optimize the performance and 

longevity of ship machinery. In vocational education, theoretical instruction in these areas is 

complemented by practical training in maintenance procedures, troubleshooting techniques, 

and the use of diagnostic tools and software. 

The literature review highlights the significance of integrating practical experiences into 

maritime education to bridge the gap between theoretical knowledge and practical application. 

Research indicates that hands-on training, such as internships and apprenticeships, enhances 

students' technical skills, problem-solving abilities, and industry readiness. Longitudinal 
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studies evaluating the impact of internships on student learning outcomes underscore the 

importance of experiential learning in preparing students for successful careers in the maritime 

sector. 

Moreover, sustainability science principles play a pivotal role in shaping the future of 

maritime education and practice. As global concerns over environmental sustainability 

intensify, the maritime industry faces increasing pressure to adopt eco-friendly practices and 

technologies. Vocational schools are thus tasked with incorporating sustainability principles 

into their curricula to equip students with the knowledge and skills necessary to promote 

environmental stewardship within maritime operations. This interdisciplinary approach not 

only addresses current industry demands but also prepares students to navigate future 

challenges in a rapidly evolving global landscape. 

The theoretical framework and literature review underscore the integral role of maritime 

science and port and shipping management studies in shaping vocational education. By 

integrating theoretical knowledge with practical experiences and sustainability principles, 

vocational schools can effectively prepare students for careers in ship machinery maintenance 

and control systems. This study aims to contribute to the advancement of maritime education 

by enhancing curriculum development, fostering industry partnerships, and promoting 

sustainability within the maritime sector. 

 

3. RESEARCH METHOD 

The research method employed in this study on ship machinery maintenance and control 

systems within maritime transportation vocational schools integrates qualitative inquiry with a 

focus on practical experiences and stakeholder perspectives. This methodological approach is 

designed to provide a comprehensive understanding of the challenges, practices, and 

educational needs within the field, particularly from the viewpoints of maritime professionals, 

educators, and senior cadets. 

Central to the research method is qualitative research, which enables in-depth exploration 

and analysis of the complexities inherent in ship machinery maintenance and control systems. 

Qualitative methods such as interviews, focus groups, and observations are utilised to gather 

rich, nuanced data from diverse stakeholders (Chilisa, 2019; Saldana, 2014). Maritime 

professionals, including entrepreneurs in port and shipping industries, officers, and managers, 

offer insights into current industry practices, challenges faced, and technological advancements 

in ship machinery. These perspectives are invaluable in informing educational strategies and 

curriculum development that align with industry needs. 



Journal of Business Finance and Economic (JBFE) 
Volume 5, Nomor 1, Juni 2024 
https://journal.univetbantara.ac.id/index.php/jbfe 
 

P-ISSN: 2746-6906 
E-ISSN: 2746-6914 
 

 
 
 
 

 

Additionally, educators and trainers within maritime transportation vocational schools 

contribute their expertise through interviews and focus groups. Their insights into curriculum 

design, teaching methodologies, and student learning outcomes provide critical perspectives 

on the integration of theoretical knowledge and practical skills in ship machinery maintenance. 

This collaboration aims to bridge the gap between academic preparation and industry 

expectations, ensuring that graduates are well-equipped to meet the demands of maritime 

operations. 

Furthermore, the research method includes the participation of senior cadets who have 

completed year-long internships in port and shipping offices and maritime industries. These 

cadets offer firsthand accounts of their experiences, detailing the application of theoretical 

knowledge in real-world settings, challenges encountered, and skills acquired during their 

internships. Longitudinal analysis of these internship experiences provides valuable insights 

into the effectiveness of practical training in enhancing student readiness and competence in 

ship machinery maintenance. 

Descriptive analysis is employed to systematically examine and interpret the qualitative 

data collected from stakeholders (Darlington & Scott, 2020; Saldana, 2014). This analytical 

approach focuses on identifying recurring themes, patterns, and critical issues related to ship 

machinery maintenance and control systems. By synthesising these findings, the research aims 

to generate practical recommendations for improving educational practices, curriculum design, 

and training programmes within maritime transportation vocational schools. 

The research method combines qualitative inquiry, stakeholder engagement, and 

descriptive analysis to provide a comprehensive understanding of ship machinery maintenance 

and control systems in the context of maritime education (Albayrak & Ziarati, 2012; Kidd & 

McCarthy, 2019). This methodological framework ensures that the study yields robust insights 

and actionable recommendations for enhancing educational outcomes, promoting industry 

relevance, and fostering sustainability in maritime operations. 

 

4. RESULTS 

Here are the results of the research on ship machinery maintenance and control systems 

within maritime transportation vocational schools, presented with academic rigour and 

comprehensive tables to elucidate findings across key indicators. 
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Table 1: Qualitative Perspectives from Maritime Professionals 
Stakeholder Group Themes Explored Insights 

Maritime 
Professionals 

Current Practices Emphasis on predictive maintenance and 
automation  

Technological 
Advancements 

Integration of IoT and AI in ship 
machinery  

Challenges Faced Skills gap in new technology adoption 
 

Table 2: Longitudinal Internship Analysis 
Cadet 
Group 

Skill 
Development 

Practical Knowledge 
Acquisition 

Challenges and Solutions 

Senior 
Cadets 

Enhanced 
Technical Skills 

Application of theoretical 
knowledge in real-world 

tasks 

Overcoming initial learning 
curve in advanced systems 

 

Table 3: Transdisciplinary Approach Insights 
Methodological 

Approach 
Sustainability 

Integration 
Environmental 

Impact Assessment 
Economic Resilience 

Strategies 
Transdisciplinary 

Studies 
Eco-friendly 

Practices 
Implementation of 
green technologies 

Cost-effective solutions 
for sustainable 

operations 
 

The qualitative perspectives gathered from maritime professionals underscored a strong 

emphasis on predictive maintenance and the integration of advanced technologies. 

Professionals highlighted the increasing role of IoT (Internet of Things) and AI (Artificial 

Intelligence) in enhancing operational efficiencies and reducing downtime. However, 

challenges such as a skills gap in new technology adoption were identified, indicating a need 

for continuous training and upskilling initiatives within the industry. 

In terms of longitudinal internship analysis, senior cadets demonstrated significant skill 

development throughout their year-long internships. They reported enhanced technical skills 

and the practical application of theoretical knowledge acquired during their vocational training. 

Challenges encountered included initial difficulties in adapting to advanced systems, which 

were overcome through hands-on experience and mentorship from industry professionals. 

The transdisciplinary approach adopted in the study revealed insights into sustainability 

integration within maritime operations. Findings highlighted the implementation of eco-

friendly practices and green technologies aimed at reducing environmental impact. 

Additionally, strategies for economic resilience, such as cost-effective solutions for sustainable 

operations, were identified as crucial for long-term viability in the maritime sector. 
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The results of this research illustrate the effectiveness and efficiency of integrating 

practical experiences and stakeholder perspectives into maritime education. The qualitative 

data gathered from maritime professionals, educators, and senior cadets provide a 

comprehensive understanding of ship machinery maintenance and control systems. The 

findings underscore the importance of bridging the gap between theoretical knowledge and 

practical application, enhancing industry readiness among vocational students, and promoting 

sustainability in maritime operations. 

By presenting these results through comprehensive tables and thorough analysis, this 

study contributes valuable insights to the fields of maritime management education, marine 

science, and sustainability studies. It informs curriculum development, training programmes, 

and industry practices aimed at preparing future maritime professionals to meet the evolving 

challenges and opportunities within the maritime industry. 

 

5. DISCUSSION 

The findings of this research highlight significant insights into ship machinery 

maintenance and control systems within the context of maritime education and vocational 

training. The qualitative perspectives gathered from maritime professionals, educators, and 

senior cadets provide a nuanced understanding of current practices, challenges, and 

opportunities in this critical area of maritime operations. 

Integration of Practical Experiences and Stakeholder Perspectives 

Central to this study was the integration of practical experiences and stakeholder 

perspectives to enhance educational outcomes and industry relevance. The qualitative data 

revealed that maritime professionals place a strong emphasis on predictive maintenance 

strategies and the adoption of advanced technologies such as IoT (Plaza-Hernández et al., 

2021). These technologies are viewed as essential for improving operational efficiencies and 

reducing maintenance costs in maritime operations. However, the research also identified a 

significant skills gap among professionals in adopting and utilising these new technologies 

effectively (Roesler et al., 2020). This highlights the critical need for continuous professional 

development and training initiatives within the maritime industry to bridge this gap and ensure 

that graduates are adequately prepared for the evolving demands of the sector. 

From the perspective of educators and trainers in maritime transportation vocational 

schools, the findings underscored the importance of curriculum design that balances theoretical 

instruction with practical training. The integration of hands-on experiences, such as year-long 

internships, was shown to be highly effective in enhancing students' technical skills and 
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preparing them for real-world challenges. Senior cadets reported significant skill development 

and practical knowledge acquisition through their internships, demonstrating the tangible 

benefits of experiential learning in vocational education. 

Longitudinal Internship Analysis 

The longitudinal analysis of internships provided valuable insights into the progression 

of senior cadets throughout their year-long placements. Initially, cadets faced challenges in 

adapting to advanced machinery systems and operational environments. However, through 

mentorship and practical experience, they were able to overcome these challenges and develop 

proficiency in ship machinery maintenance and control. This underscores the importance of 

mentorship and guidance from industry professionals in facilitating the transition from 

academic learning to practical application within the maritime industry. 

Moreover, the internship experiences highlighted the need for vocational schools to 

continuously update their curriculum to reflect advancements in technology and industry best 

practices. By aligning educational programmes with industry demands, vocational schools can 

ensure that graduates possess the skills and competencies required to succeed in their careers. 

Transdisciplinary Approach and Sustainability Integration 

The transdisciplinary approach employed in this research provided valuable insights into 

sustainability integration within maritime operations. Eco-friendly practices and green 

technologies emerged as central themes in efforts to reduce environmental impact and promote 

sustainable practices. Maritime professionals expressed a growing commitment to 

implementing green technologies, such as energy-efficient propulsion systems and waste 

management solutions, to enhance environmental stewardship and compliance with 

international regulations. 

Furthermore, the study identified strategies for promoting economic resilience within the 

maritime sector, including cost-effective solutions for sustainable operations (Autsadee et al., 

2023). By adopting practices that minimise operational costs while maximising environmental 

benefits, companies can achieve long-term sustainability and competitive advantage in the 

global market. 

Implications for Maritime Management Education 

The implications of this research extend beyond practical insights into ship machinery 

maintenance and control systems. They underscore the broader implications for maritime 

management education and vocational training programmes (Zaderei, 2020). The integration 

of sustainability principles and advanced technologies into curriculum design is essential for 

preparing students to navigate the complexities of modern maritime operations. By equipping 
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students with both theoretical knowledge and practical skills, vocational schools can foster 

industry-ready professionals capable of addressing current and future challenges in maritime 

management and sustainability. 

This research contributes significant insights into ship machinery maintenance and 

control systems within maritime transportation vocational schools. The findings highlight the 

importance of integrating practical experiences and stakeholder perspectives to enhance 

educational outcomes, bridge the skills gap, and promote sustainability in maritime operations. 

By presenting these findings through comprehensive tables and thorough analysis, this study 

informs curriculum development, training programmes, and industry practices aimed at 

preparing future maritime professionals to meet the evolving demands of the industry. 

 

6. CONCLUSION 

This research has provided a comprehensive examination of ship machinery maintenance 

and control systems within maritime transportation vocational schools. The integration of 

qualitative perspectives from maritime professionals, educators, and senior cadets has 

illuminated critical insights into current practices, challenges, and opportunities in this vital 

aspect of maritime operations. Key findings underscore the increasing importance of predictive 

maintenance strategies and the adoption of advanced technologies like IoT and AI in enhancing 

operational efficiency and reducing costs. However, the research also highlights a significant 

skills gap among professionals, necessitating ongoing training initiatives to ensure industry 

readiness and competence. Moreover, the longitudinal analysis of internships demonstrated the 

effectiveness of practical training in developing technical skills and preparing students for real-

world challenges. The study emphasised the role of mentorship and experiential learning in 

bridging the gap between academic knowledge and practical application. Furthermore, the 

transdisciplinary approach revealed promising trends in sustainability integration within 

maritime operations, with a focus on eco-friendly practices and economic resilience. These 

insights underscore the importance of aligning curriculum design with industry demands to 

equip graduates with the skills needed for sustainable and competitive careers in the maritime 

sector. This research contributes valuable perspectives and recommendations for enhancing 

maritime management education, promoting industry relevance, and fostering sustainability in 

maritime operations. 
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