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ABSTRACT:

This study aimed to design, develop, and evaluate a preparatory hybrid mechanical training
system for Autotronics education at the University of Science and Technology of Southern
Philippines (USTP). The system integrates key mechanical components found in hybrid
electric vehicles (HEVs), such as the 4JB1 diesel engine, alternator, starter motor, and
radiator, into a safe, low-voltage, and hands-on trainer model. Using Design and
Development Research (DDR) methodology, the prototype was conceptualized, fabricated
using locally sourced materials, and implemented in a laboratory setting. Thirty (30)
Autotronics students and five (5) instructors participated in the implementation and
evaluation phase. Results showed high instructional value, technical accuracy, and student
engagement. The system bridges the gap between theoretical instruction and practical
understanding of hybrid vehicle mechanics, making it a cost-effective, scalable tool for
technical-vocational institutions aiming to modernize their curriculum for hybrid vehicle

training.
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INTRODUCTION

The automotive industry has seen transformative advances in hybrid electric vehicle
(HEV) technologies over the last two decades. These vehicles integrate internal combustion
engines (ICEs) with electric motors and gear systems to optimize fuel efficiency and reduce
emissions. With such changes, Autotronics—a field merging automotive systems with
electronics—must adapt its educational models to prepare learners for these hybridized
systems. However, in the Philippines and other developing contexts, technical-vocational
institutions face limitations such as budget constraints, lack of specialized tools, and minimal
access to high-voltage HEV training systems. Most trainers on the market are focused on
diagnostics, often neglecting the mechanical foundation necessary to grasp how hybrid

systems truly operate.

This research addresses these gaps by designing a preparatory hybrid mechanical
training system that focuses on the fundamental mechanical interactions within HEVs. The
device is intended for students in the early stages of their Autotronics education and offers a
hands-on, visual platform to explore torque blending, power flow, and hybrid drive modes.
This system was developed using salvaged and low-cost materials to ensure feasibility in
resource-limited environments. The overarching goal is to create a scalable, accessible, and
pedagogically effective training tool that enhances hybrid vehicle education at USTP and

beyond.
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METHODOLOGY

Research Design

This study employed the Design and Development Research (DDR) model by Richey
and Klein, consisting of four phases: design, development, implementation, and evaluation.
In the design phase, researchers drafted schematics using CAD tools, identifying components
like the 4JB1 engine, alternator, starter motor, and radiator. During development, the team
fabricated a chassis, assembled components, and ensured safety features were included. The
system was implemented in USTP’s Autotronics lab, followed by evaluation through expert

reviews and student feedback.
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Figure 3.1 Design and Development Research (DDR) Model
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Figure 3.2 Left side view

Figure 3.3 Right side view
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Research Locale
The study was conducted at USTP-Cagayan de Oro Campus, specifically in the Autotronics
Laboratory, which provided a controlled environment equipped with the tools and resources

necessary for the prototype’s fabrication and testing.
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Figure 3.4 Research Map
Respondents
Thirty (30) Autotronics students and five (5) instructors were selected through
purposive sampling. Student respondents were actively enrolled in automotive courses, while

instructors had direct experience in Autotronics education.

Developmental Procedure

The researchers identified gaps in hybrid vehicle instruction; formulated design
objectives. Then, created mechanical schematics and assembled components using salvaged
and locally sourced materials; tested for functionality. Subsequently, the researchers
conducted guided learning sessions using the prototype, and used surveys, rubrics, and

interviews to assess learning outcomes and system performance.
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Data Gathering Procedure
Validated instruments were used to collect feedback and performance data. Ethical
protocols were observed, including informed consent and data privacy. Responses were

recorded and analyzed quantitatively.

Research Instrument and Analysis
Quantitative tools such as Likert-scaled surveys and performance rubrics assessed
technical accuracy, usability, and educational impact. Descriptive statistics (mean, frequency,

standard deviation) were used to interpret results.
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