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ABSTRACT
This study presents the development and evaluation of a single-point optical scanning instructional system designed to simplify the teaching of Transmission Electron Microscopy (TEM) principles through hands-on and visualization-based learning. Many students struggle to understand TEM concepts such as scanning, signal detection, and image reconstruction due to the abstract nature of electron optics and limited access to advanced microscopy equipment. To address this challenge, the researchers developed a low-cost macro-scale instructional model using visible-light components including a laser module, optical sensors, stepper motors, and an Arduino-based control system to simulate the imaging principles of TEM. The study employed a mixed-methods project-based research design with pre-test and post-test evaluation to assess the instructional effectiveness of the developed model among student participants. Results showed a significant improvement in conceptual understanding, with mean scores increasing from 8.20 to 12.40, representing a 51.22% increase after exposure to the instructional demonstration. The findings indicate that interactive and low-cost instructional systems can effectively bridge the gap between theoretical and practical understanding of advanced scientific concepts. The study highlights the educational potential of hands-on STEM instructional tools in improving student engagement, conceptual clarity, and accessibility to complex microscopy principles, particularly in resource-limited educational settings.
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INTRODUCTION

This study explored the challenges students face in understanding the imaging principles of Transmission Electron Microscopy (TEM), particularly scanning, signal detection, and image reconstruction, due to the abstract nature of electron optics and limited access to microscopy equipment. To address this educational gap, the researchers developed a single-point optical scanning instructional model that uses visible-light components such as lasers, sensors, and stepper motors to simulate TEM imaging principles on a macro scale. The study emphasized the importance of hands-on and visual learning approaches in improving conceptual understanding of complex scientific topics, especially in resource-limited educational settings in the Philippines. The project aimed to determine whether the developed model could improve students’ understanding of TEM concepts through interactive demonstrations and pre-test/post-test evaluation methods (Smith et al., 2022; DOST, 2021; Zaman & Patel, 2023).

The Objective of this paper was to design a system where TEM learning can be achieved easier and better through a hands-on experience.
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REVIEW OF RELATED LITERATURE
The literature review established both the scientific foundation and educational relevance of the developed instructional model. Foundational theories in electron optics and wave-particle duality explained how TEM achieves atomic-scale imaging through electron manipulation using electromagnetic lenses (de Broglie, 1924; Gabor, 1946; Ruska, 1987). Advances in aberration correction, cryogenic electron microscopy, STEM imaging, and AI-assisted tomography further demonstrated the evolution and importance of electron microscopy in scientific research (Haider et al., 1998; Benjin & Liu, 2019; Wang, 2022; Galaz-Montoya et al., 2024). Educational studies also showed that interactive, low-cost, and model-based instructional tools significantly improve student engagement and conceptual understanding of abstract scientific concepts (Lim et al., 2024; Wolf et al., 2020; Low et al., 2025). The reviewed studies collectively supported the need for an accessible instructional system capable of translating advanced microscopy principles into observable and hands-on learning experiences.
METHODOLOGY
The study employed a mixed-methods project-based research design incorporating both prototype development and pre-test/post-test evaluation procedures. The researchers designed and assembled a single-point optical scanning system composed of a laser module, optical sensors, stepper motors, Arduino-based microcontrollers, and visualization software to simulate the imaging principles of TEM. Participants, consisting of students and science teachers from Mindanao State University – Maigo School of Arts and Trades, observed the instructional demonstration and completed surveys assessing their understanding before and after interaction with the model. Quantitative data analysis focused on mean scores and percentage improvements, while qualitative observations and feedback were used to evaluate the instructional effectiveness and operational performance of the prototype (Best & Kahn, 2006).

PRESENTATION, ANALYSIS, AND INTERPRETATION OF DATA
The developed instructional prototype successfully demonstrated the fundamental principles of Transmission Electron Microscopy using a visible-light scanning system composed of lasers, sensors, motorized scanning components, and image reconstruction software. Results from the pre-test and post-test surveys showed a significant improvement in students’ conceptual understanding, with mean scores increasing from 8.20 to 12.40 and producing a 51.22% improvement after exposure to the instructional model. The findings suggested that the interactive and observable nature of the prototype helped students better understand abstract concepts such as point-by-point scanning, signal detection, and image reconstruction. Furthermore, the study demonstrated that low-cost and locally assembled instructional materials can effectively simulate advanced scientific equipment for educational purposes, making complex STEM concepts more accessible in resource-limited learning environments (Panganiban, 2020; Umanah & Sunday, 2025).
Figure 2
Schematic Diagram of the Single-Point Optical Scanning Instructional System
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Figure 4
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Figure 5
Turntable Format
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Arduino UNO
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Table 1
Budgeting and Cost of Materials
	No.
	Product
	Description
	Quantity
	Unit Price
	Total Price

	1
	KY-008 Laser Module
	Light source for scanning
	1
	32
	32

	2
	28BYJ-48 Stepper Motor
	Controls scanning movement
	2
	50
	100

	3
	ULN2003 Microcontroller
	Controls the stepper motor
	1
	20
	20

	4
	Adafruit
TSL2591
	Light intensity sensor
	1
	605
	605

	5
	Tactile Switches
	Limit switch for movement
	5
	27
	135

	6
	Sharp 0A51SK
	Infrared sensor
	1
	435
	435

	7
	Arduino UNO
	Main system controller
	1
	605
	605

	8
	5V Power Supply
	Power source for the system
	1
	100
	100

	9
	8mm Threaded Rod
	Z-axis Actuator
Part
	1
	284
	284




Table 1
Budgeting and Cost of Materials Continuation
	No.
	Product
	Description
	Quantity
	Unit Price
	Total Price

	11
	8mm Steel Support Shaft
	Z-Axis Actuator
Part
	1
	248
	248

	12
	2 Axis analog Joystick
	Manual Controls
	1
	
	

	13
	Breadboard
	Perf Board substitute
	1
	
	

	14
	Jumper Cable
	Solid Core wire Substitute
	20
	
	

	15
	Linear Bearings
	Reduces friction
	2
	180
	360


Table 2
Pre-test and Post-test Scores of Students
	Students
	Pre-test Scores
	Post-test Scores

	1
	8
	12

	2
	7
	13

	3
	7
	10

	4
	4
	12

	5
	7
	11

	6
	10
	13

	7
	8
	12

	8
	11
	14

	9
	10
	14

	10
	10
	13


Table 3
Pre-Test and Post-Test Scores Mean
	Participant Group
	Mean Pre-test Score
	Mean Post-test Score

	Students
	8.20
	12.40


Table 4
Percentage Increase
	Participant Group

	Percentage Increase


	Students
	51. 22 %


SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
The study concluded that the single-point optical scanning instructional model is an effective and affordable teaching tool for demonstrating the imaging principles of Transmission Electron Microscopy. The system successfully transformed abstract and invisible scientific processes into observable and interactive learning experiences, significantly improving students’ conceptual understanding and engagement. The findings supported the hypothesis that hands-on instructional tools enhance comprehension of advanced scientific concepts while also offering a practical alternative to expensive laboratory equipment. The researchers recommended integrating similar model-based learning tools into STEM instruction, expanding future studies using larger participant groups, improving software visualization capabilities, and further developing low-cost educational technologies for teaching complex scientific systems (Lim et al., 2024; Low et al., 2025).
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