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ABSTRACT 

 

Maritime systems are becoming increasingly automated, creat-

ing a need for highly skilled engineers in marine automation with 

strong knowledge of control engineering, instrumentation, and 

ways to run automated systems. The inadequacy of traditional 

teaching techniques to offer sufficient interactivity, accessibility, 

and uniformity needed for learning in a technologically complex 

world has resulted in a need for new forms of delivering instruc-

tion. This study aimed to produce, implement, evaluate a web-

based instructional package that would improve teaching of 

Basic Control Engineering (BCE) through use of an Internet-

based package (IPMAC) at the Philippine Merchant Marine Acad-

emy. The IPMAC system was developed using PHP and MySQL, 

and had interactive lecture presentations, visualisations of con-

trol systems, automated assessment and feedback, and an ability 

to monitor progress, all from one web-based application. A de-

scriptive evaluative research methodology was developed to as-

sess the usability, effectiveness and satisfaction of use by Engi-

neering students at the Philippine Merchant Marine Academy, 

faculty members, and IT professionals through a structured sur-

vey. Based on the answers provided by participants, all partici-

pants agreed that using this system was useful in providing sup-

port for their lesson plans and keeping students engaged 

throughout the learning process. Participants also indicated they 

better comprehended the concept of automation and that they 

could successfully teach students both the benefit of automated 

systems as well as the effectiveness of using automated systems 

when teaching students through assessments/tests. These re-

sults demonstrate that the IPMAC digital learning environment 

provides a stable, user-friendly, and highly effective means of 

supporting maritime education through an outcome-based  
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approach. The research also shows that web-based instructional 

systems like IPMAC present a feasible and expandable method 

for modernizing marine automation training and enhancing the 

quality of engineering education in maritime institutions. 

 

Keywords: Marine Automation, Web-Based Instruction, Engineer-

ing Education, E-Learning Systems, Control Engineer-

ing, Outcomes-Based Education 

 

Background 
The implementation of digital technologies 

for shipboard operations has led to the creation 
of highly connected, automated cyber-physical 
environments on modern vessels. Merchant 
vessels now employ advanced technologies, in-
cluding programmable logic controllers (PLCs), 
distributed control systems (DCS), electro-
pneumatic actuators, and smart sensor tech-
nologies for operating propulsion, auxiliary 
machinery, safety systems, and energy man-
agement systems. Consequently, marine engi-
neers require not only a mechanical back-
ground but also substantial understanding of 
automation, control, and system diagnostics. 

In response to these technological ad-
vances, the International Maritime Organiza-
tion (IMO) has strengthened the Standards of 
Training, Certification, and Watchkeeping 
(STCW), mandating that students demonstrate 
competency with automated and electronically 
controlled systems. Compliance with these 
standards requires modernized training meth-
ods, emphasizing non-linear approaches over 
traditional lecture-based instruction. However, 
many maritime colleges continue to rely on 
multiple separate resources, manual demon-
strations, and instructor-dependent materials, 
limiting opportunities for structured and inde-
pendent learning. 

At the Philippine Merchant Marine Acad-
emy (PMMA), students in the Basic Control En-
gineering/Marine Automation Course previ-
ously relied on instructor-written notes and 
physical model demonstrations, with no digital 
instructional platform to facilitate independent 
learning or systematic assessment. The ab-
sence of proper instructional materials is par-
ticularly problematic in automation education, 
where conceptual understanding must be rein-
forced through visual aids, simulations, and re-

peated interaction. Research in technical edu-
cation supports the need for interactive, simu-
lation-based, and technology-enhanced learn-
ing environments. For instance, Salas, Cannon-
Bowers, and Johnston (2021) found that stu-
dents achieve a deeper understanding of auto-
mation components in interactive, simulation-
based training environments. Similarly, Oliva-
res, De Leon, and Padua (2020) demonstrated 
that lecture-based, system-focused instruction 
significantly improves learning outcomes in 
control engineering courses. Additionally, Yap 
and Hernandez (2022) highlighted that tech-
nology-enhanced teaching increases cadet pro-
ficiency in automation compared to traditional 
methods. 

The design and evaluation of instructional 
systems for engineers are informed by estab-
lished learning theories. The Dick and Carey 
(1996) instructional systems design model en-
sures alignment among learning objectives, in-
structional content, and assessment, enabling 
measurable learning outcomes. Outcome-
Based Education (OBE) frameworks also guide 
instructional unit design based on defined en-
gineering competencies (Spady, 1994). Cogni-
tive Load Theory emphasizes teaching complex 
automation concepts without overwhelming 
learners (Sweller, 1988), while Dual Coding 
Theory supports comprehension through com-
bined textual and visual representations 
(Paivio, 1986). Constructivist perspectives fur-
ther advocate interactive, problem-centered 
learning environments that allow active 
knowledge construction and feedback (Bruner, 
1961; Vygotsky, 1978). Keller’s ARCS Motiva-
tion Model stresses the importance of sustain-
ing learner attention, relevance, confidence, 
and satisfaction to enhance engagement (Kel-
ler, 1983). 
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Empirical research also informs the devel-
opment of effective digital instructional sys-
tems. Al-Fraihat, Joy, and Sinclair (2020) iden-
tified system quality and interface usability as 
critical factors for e-learning success. Salloum, 
Al-Emran, and Shaalan (2018) verified that 
PHP- and MySQL-based web platforms offer 
scalable and reliable solutions for delivering in-
teractive engineering education. Guided by 
these theories and findings, the Instructional 
Package for Marine Automation Course (IP-
MAC) was designed as a web-based instruc-
tional platform to support the Basic Control En-
gineering course at PMMA. The platform inte-
grates interactive lectures, visualized repre-
sentations of control systems, online assess-
ments, grading modules, and learner progress 
tracking, all within a single digital environment 
aimed at improving instructional consistency, 
learner engagement, and accessibility. 
 
General Objective 

The general objective of this study is to de-
sign, deploy, and evaluate a web-based Instruc-
tional Package for Marine Automation Course 
(IPMAC) that enhances the delivery of the Basic 
Control Engineering course at PMMA by im-
proving accessibility, instructional consistency, 
and learner engagement. 

 
Specific Objectives 

Specifically, this study aims to: 
1. Design IPMAC using a suitable program-

ming language and database system to en-
sure ease of use, cross-device accessibility, 
and user-friendly navigation for students 
and faculty. 

2. Deploy IPMAC on an online platform ena-
bling remote access to instructional materi-
als, interactive lectures, and assessment 
tools to support flexible learning. 

3. Integrate interactive instructional modules 
and assessment tools to promote active 
learning, reinforce theoretical concepts, 
and develop practical automation skills. 

4. Evaluate the usability, instructional align-
ment, and user satisfaction of IPMAC 
through feedback from Marine Engineering 
cadets, faculty, and IT experts to identify ar-
eas for improvement and optimize effec-
tiveness. 

Methods 
This study employed a descriptive-evalua-

tive research design to evaluate the perfor-
mance and acceptability of IPMAC as an in-
structional system. Descriptive-evaluative re-
search is commonly used in educational tech-
nology to assess usability, learning support, 
and instructional quality of newly developed e-
learning platforms by collecting systematic 
user feedback without manipulating independ-
ent or dependent variables (Creswell & Cre-
swell, 2018; Best & Kahn, 2006). The IPMAC 
system was tested in a real academic setting, 
with success evaluated based on feedback from 
Marine Engineering cadets, faculty members, 
and IT specialists. 

Participants were purposively sampled vol-
unteers with direct experience using IPMAC. 
Participation was voluntary, and participants 
were informed of their right to withdraw at any 
time. All respondents provided informed con-
sent, and data were treated confidentially in ac-
cordance with ethical research guidelines 
(World Medical Association, 2013). 

Structured Likert-scale instruments meas-
ured usability, instructional effectiveness, en-
gagement, and technical reliability. Instru-
ments were adapted from established e-learn-
ing evaluation frameworks, including Al-
Fraihat et al. (2020). Expert reviews ensured 
content validity, and pilot testing was con-
ducted to verify internal consistency and clar-
ity. 

The IPMAC platform was implemented on a 
secure web server. Students accessed interac-
tive lectures, assessments, and other learning 
resources, while faculty monitored student 
progress and performance. Participants com-
pleted online questionnaires assessing system 
usability, instructional effectiveness, engage-
ment, and technical reliability. Data were rec-
orded in a MySQL database for analysis. 

Descriptive statistics, including mean, fre-
quency, and percentage distributions, were 
used to analyze survey results, providing an 
overview of user perceptions and system per-
formance (Creswell & Creswell, 2018; Al-
Fraihat et al., 2020). Likert-scale scores were 
classified to facilitate meaningful interpreta-
tion.  
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Responses to develop an overview of the 
user’s perception of the overall acceptability 
and utility (usefulness) of the IPMAC system for 
each assessment dimension. Data were ex-
tracted from the IPMAC database and analyzed 
with a statistical package that uses spread-
sheets to produce summaries and descriptive 
statistics and facilitate data interpretation. 

The study was conducted in accordance 
with the ethical policies of Bulacan State Uni-
versity and the Philippine Merchant Marine 
Academy. All participants provided informed 
consent and were assured anonymity through-
out the research. It was made clear that no per-
sonally identifiable information about the  

participants would be released in any reports 
or publications. There was no external funding 
for this research and no conflicts of interest 
were declared regarding the conduct of the re-
search. 
 
Result and Discussion  

The IPMAC application was developed with 
a suitable programming language (PHP and 
MySQL) to support stability, usability and 
cross-platform accessibility in an educational 
environment. User feedback was obtained 
through two surveys, the Ease of Use Survey, 
shown in Table 1 and the survey on the Effec-
tiveness of the Platform, shown in Table 2.

 
Table 1. Ease of Use (Usability) Survey 

Ease of Use of the Platform Mean Score Interpretation 
The layout and navigation of the IPMAC platform were easy to 
understand. 

4.19 Easy to Use 

It was easy to access the IPMAC platform and log in without 
technical issues. 

4.12 Easy to Use 

I experienced technical difficulties (e.g., internet issues and sys-
tem errors) when using IPMAC. 

3.43 Easy to Use 

I found the instructions provided within IPMAC for using the 
simulations and activities clear and helpful. 

4.19 Easy to Use 

IPMAC was accessible to me on my preferred device (e.g., lap-
top, tablet, mobile phone). 

4.19 Easy to Use 

 4.02 Easy to Use 
 
Table 2. Effectiveness of the Platform Survey 

Effectiveness of the Platform Mean Score Interpretation 

The platform improved student engagement with the course 
content, particularly in laboratory sessions 

4.25 Very High 
Effectiveness 

IPMAC made it easier to teach complex topics by providing 
interactive and visual learning tools 

4.5 Very High  
Effectiveness 

Students demonstrated better understanding and perfor-
mance after using IPMAC for practical exercises 

4.25 Very High 
Effectiveness 

The platform aligns well with the learning outcomes of the 
Basic Control Engineering course 

4.25 Very High 
Effectiveness 

 4.31 Very High 
Effectiveness 

The user responses to the surveys demon-
strated that both students and faculty rated the 
responsiveness of the application as high, the 
clarity of the navigation as high, and the relia-
bility of the application as high. Most users did 
not encounter any technical problems when 
they logged onto the application, accessed 

course modules, submitted assessments, and 
viewed results, which further supports the con-
clusion that the use of PHP and MySQL provides 
a solid foundation for delivering dynamic 
learning materials and for managing multiple 
transactions by different users. The effective 
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use of this technology for creating the applica-
tion also supports the infographic diagram 
(Block Diagram of IPMAC), which represents a 
full course, application server, and data storage 
working together through a single cloud-based 
application. 

These results are consistent with prior re-
search suggesting that PHP-based e-learning 
applications are environmentally sustainable, 
scalable, and cost-effective in providing a foun-
dation for delivering e-learning content in 
higher education settings (Martin & Bolliger, 
2018). Likewise, the survey findings align with 
the Success Model for E-Learning proposed by 
Al-Fraihat et al. (2020), which identifies system 
quality and interface usability as the primary 
factors affecting user acceptance and satisfac-
tion. 

The survey results also demonstrated that 
IPMAC created greater access and flexibility for 
students to complete their coursework. Stu-
dents indicated that there were opportunities 
to view lectures, use multimedia resources, and 
take quizzes at times of their own choosing, 
which made it easier for them to balance their 
school schedules with other activities. Faculty 
also confirmed that the use of this platform al-
lowed them to continue providing instruction 
to their students even when face-to-face meet-
ings were not possible. Overall, the results indi-
cated that the online deployment approach, ev-
ident in the IPMAC Login Page as shown in Fig-
ure 1 and Student Registration Page shown in 
Figure 2, created a safe, secure, and functioning 
access point for personalized learning.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. IPMAC Login Page 
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Figure 2. The Registration Page for Students 
 

Additionally, these findings further support 
prior research indicating that the use of web-
based learning resources improves learner au-
tonomy, engagement, and retention rates in vo-
cational and technical education (Al-Fraihat et 
al., 2020). In maritime training contexts, where 
cadets are often subject to operational time 

pressures and shipboard exposure, online in-
structional systems help sustain cadets’ inter-
est and promote academic engagement (Yap & 
Hernandez, 2022). 

As shown in Table 3, the result of the Learn-
ing Outcomes Survey, and Table 4 shows the re-
sult of the Teaching Efficiency Survey.

 
Table 3.  Learning Outcomes Survey 

Learning Outcomes Mean Score Interpretation 
IPMAC enhanced my understanding of automation and control 
systems compared to traditional lectures. 

4.12 High Learning 

The simulations and experiments in IPMAC helped me better 
understand how automation works in real-life marine systems. 

4.14 High Learning 

The quizzes and assessments on IPMAC allowed me to test and 
improve my knowledge effectively. 

4.14 High Learning 

After using IPMAC, I feel more confident applying automation 
and control concepts in practical laboratory sessions. 

4.10 High Learning 

 4.13 High Learning 
 
Table 4.   Teaching Efficiency Survey 

Teaching Efficiency Mean Score Interpretation 
IPMAC helped streamline lesson planning and made it 
easier to align with course objectives. 

4.25 Very High Efficiency 
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Teaching Efficiency Mean Score Interpretation 
The instructional materials provided in IPMAC (e.g. vid-
eos, simulations) were useful for explaining automation 
concepts. 

4.5 Very High Efficiency 

I found the structure of the IPMAC platform beneficial for 
organizing lessons and coherently delivering content 

4.25 Very High Efficiency 

The IPMAC platform helped me better assess student 
learning through its built-in quizzes and assessments 

4.5 Very High Efficiency 

 4.38 Very High Efficiency 

The review of the feature ratings indicated 
that students and staff consistently found inter-
active quizzes, visualised control diagrams and 
automation of grading to be the most useful as-
pects of the platform. The interactive quizzes 
allowed them to interact with marine automa-
tion concepts and self-evaluate themselves on a 
given topic, while the observed control dia-
grams provided a dynamic interface for the 

visualization of real time features. Automated 
assessment allowed faculty to track students’ 
progress in real time and reduced the amount 
of time they spent grading their assessments 
manually. The findings were also illustrated by 
the system interfaces shown in the Interactive 
PID Presentation (Figure 3), the Grading Crite-
ria Page (Figure 4), and the Summative Assess-
ment Module (Figure 5).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.   Interactive Presentation of PID in IPMAC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Grading Criteria Posted in IPMAC 
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Figure 5. Summative Assessment of IPMAC 
 

From a learning theory perspective, these 
results provide support for Cognitive Load The-
ory, which posits that learners process complex 
technical information more effectively when it 
is presented in an organized and visually sup-
ported format (Sweller, 1988). The graphical 
representations of control systems further 
align with Dual Coding Theory, which suggests 
that learners process visual and verbal infor-
mation through separate but interconnected 
channels, resulting in stronger comprehension 
and retention (Paivio, 1986). Moreover, be-
cause IPMAC enables learners to interact with 

content and receive feedback through interac-
tive quizzes and graded assessments, the find-
ings are also consistent with Constructivist 
Learning Theory. This theory emphasizes that 
active engagement with learning materials fos-
ters deeper understanding and knowledge con-
struction (Bruner, 1961; Vygotsky, 1978). 

The results of Tables 5 and 6 show the total 
usability of the IPMAC tool, its alignment with 
the instructional goals of the course, the tool's 
usability in teaching, and the level of satisfac-
tion experienced by participants.

 
Table 5. Challenges and Improvements Survey 

Challenges and Improvements Mean Score Interpretation 
I found it difficult to complete the tasks on IPMAC be-
cause of internet connectivity issues. 

3.50 High Challenge 

I prefer additional in-person support or resources 
alongside IPMAC to better understand difficult topics. 

3.77 High Challenge 

The platform could benefit from having more offline re-
sources (e.g., downloadable materials). 

4.02 High Challenge 

 3.76 High Challenge 
 
Table 6.    Implementation Challenges Survey 

Implementation Challenges Mean Score Interpretation 
I encountered technical challenges (e.g. platform errors 
and internet issues) while using IPMAC for teaching 

3.75 High Challenges 

It took me some time to adjust to using the platform in my 
teaching 

3.25 High Challenges 

I would have appreciated additional support or training 
when implementing IPMAC in my courses 

4.00 High Challenges 

 3.67 High Challenges 



WM Cawagas III, 2026 / Development of IPMAC of the Marine Engineering Department of the Philippine Merchant Marine Academy 

 

    
 IJMABER 844 Volume 7 | Number 2 | February | 2026 

The findings reflect that students, faculty, 
and information technology service providers 
all expressed a very favorable view of their ex-
perience with IPMAC. Most respondents felt 
that there was some alignment between the re-
sults achieved from the course and the original 
course objectives, and they believed that IP-
MAC significantly supported both teaching and 
learning in Basic Control Engineering. The re-
spondents identified some areas that could be 
improved, such as increasing the amount of 
multimedia content and creating an offline ver-
sion of the tool. However, these areas were 
viewed as opportunities for development ra-
ther than major weaknesses in the system. 
The results are consistent with an Outcomes-
Based Education (OBE) approach, which fo-
cuses on how well instructional content is 
aligned with the assessment and evaluation 
The findings further support the principles of 
Outcome-Based Education, which emphasize 
clearly defined learning outcomes and measur-
able processes of learner achievement (Spady, 
1994). Additionally, the high level of satisfac-
tion expressed by participants reinforces Kel-
ler’s ARCS Model of Motivation, as the applica-
tion fosters attention, relevance, confidence, 
and satisfaction among learners (Keller, 1983). 

Collectively, the findings indicate that all 
four research objectives have been achieved 
and that the PHP–MySQL structural design pro-
vides a robust framework for developing func-
tional and user-centered systems. Through in-
ternet accessibility, IPMAC serves as a central-
ized repository of learning materials that users 
can access remotely. Its interactive instruc-
tional features—also reflected in LMS and AC-
CDC—enable assessment and immediate feed-
back, thereby supporting learners’ comprehen-
sion and performance monitoring. Users re-
ported high levels of satisfaction and perceived 
strong alignment between the system’s compe-
tencies and those defined by PMMA. 

These findings also reflect global trends in 
maritime training and engineering education, 
where instructional models increasingly pro-
mote technology-driven learning environ-
ments focused on achieving measurable stu-
dent outcomes (Yap & Hernandez, 2022; Salas 
et al., 2021). The integration of engineering sys-
tems design with evidence-based instructional 

methodologies is essential to modernizing 
maritime education and ensuring the contin-
ued compliance of PMMA with international 
standards. 

 
Conclusion  

The findings further support the principles 
of Outcome-Based Education, which emphasize 
clearly defined learning outcomes and measur-
able processes of learner achievement (Spady, 
1994). Additionally, the high level of satisfac-
tion expressed by participants reinforces Kel-
ler’s ARCS Model of Motivation, as the applica-
tion fosters attention, relevance, confidence, 
and satisfaction among learners (Keller, 1983). 

Collectively, the results indicate that all four 
research objectives have been achieved and 
that the PHP–MySQL structural architecture 
provides a robust framework for developing 
functional and user-centered systems. Through 
internet-based accessibility, IPMAC functions 
as a centralized repository of instructional ma-
terials that users can access remotely and asyn-
chronously. Its interactive instructional fea-
tures—also integrated within the LMS and AC-
CDC—facilitate assessment and immediate 
feedback, thereby strengthening learners’ com-
prehension, self-monitoring, and academic per-
formance. Participants reported high levels of 
satisfaction and perceived a strong alignment 
between the system’s embedded competencies 
and those defined by PMMA. 

These findings likewise reflect global devel-
opments in maritime training and engineering 
education, where instructional models increas-
ingly emphasize technology-enhanced learning 
environments designed to achieve measurable 
student outcomes (Yap & Hernandez, 2022; 
Salas et al., 2021). The integration of engineer-
ing systems design with evidence-based in-
structional methodologies is therefore essen-
tial to the modernization of maritime education 
and to sustaining PMMA’s compliance with in-
ternational standards. 
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