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Abstract:

This study aims to develop instructional media on the topic of DC Electricity, with a focus on
series and parallel circuits, through virtual experiments using the Virtual Physics program.
The use of virtual simulations enables students to explore and conduct fundamental
experiments in DC electric circuits in a more in-depth manner. Furthermore, it promotes
analytical thinking and systematic scientific problem-solving skills. The findings of the study
indicate that the use of virtual experiments allows students to design and modify a wide range
of circuit configurations, thereby fostering structured thinking and significantly improving
their ability to design experiments, as demonstrated by statistically significant results.
Notably, this instructional media can be operated offline, ensuring ease of use and
accessibility without the need for internet connectivity.

Introduction:

In contemporary education, particularly in the fields of science and technology, the use of
modern learning technologies has become an essential strategy to overcome challenges in
teaching abstract and complex content. One of the most effective and accessible tools
currently available is the Virtual Simulation Experiment (VSE), which integrates computer-
based simulations into science instruction [10]. These simulations are capable of replicating
real-world physical experiments with high precision. Through such platforms, students can
manipulate various parameters, measure experimental results, simulate the functions of
scientific instruments, and observe animated representations of abstract concepts [9]. This
interactive learning environment not only increases student engagement but also enables
independent, self-paced learning that can take place anytime and anywhere—without
dependence on physical laboratories or internet connectivity [1,2].

This theory underscores the importance of learner involvement through doing,
experimenting, observing, and reflecting, which are particularly crucial in science education
where students are expected to develop skills in analytical thinking, problem-solving, and
scientific reasoning. Moreover, the use of VSEs supports the Learner-Centered Learning
approach, which shifts the focus from the teacher as the primary source of knowledge to the
student as an active participant in constructing their own understanding. In this model, the
teacher takes on the role of facilitator, guiding students through exploration, inquiry, and
reflection, rather than delivering knowledge in a one-directional manner [11,12].

Given these advantages, this study aims to design and develop an instructional tool
based on virtual simulation experiments for teaching the topic of Direct Current (DC)
Electricity, with a particular focus on basic electrical circuits, specifically series and parallel
circuit configurations [3]. These topics are fundamental to understanding electric current and
circuit behavior, yet they are often difficult for students to grasp due to the invisible nature of
electrical flow and the abstract representations used in textbooks. The virtual simulation
developed in this research allows students to visualize electron flow, explore the relationship
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between voltage, current, and resistance, and observe real-time changes as they modify
circuit parameters. [6]

In addition to content delivery, the simulation is designed to encourage students to
engage in scientific inquiry, applying processes such as formulating hypotheses, conducting
virtual experiments, analyzing data, and drawing conclusions. This process fosters systematic
and deeper conceptual understanding of DC electricity and supports the development of 21st-
century skills, including critical thinking, planning, and decision-making. The virtual
experiment platform used in this study also offers the distinct advantage of offline
accessibility, making it suitable for diverse learning environments and ensuring that students
without consistent internet access can still benefit from interactive and modern science
education [13,14].

Through this approach, the study contributes to both the pedagogical innovation in
physics education and the broader goal of enhancing science learning outcomes using
technology-enhanced environments.

Methodology:

This section describes the detailed design and implementation of virtual experiments using
the Virtual Physics Laboratory (VPL) software, which was applied to the study of Explaining
Electricity and -V Characteristics. The experiments focus on understanding electrical
circuits, particularly the behavior of components under series and parallel configurations The
VPL software enables learners to conduct virtual experiments with a high degree of accuracy,
in alignment with fundamental electrical principles [15]. It also facilitates an intuitive and
interactive learning experience comparable to that of a real laboratory environment.

The core concept behind this educational software development is to create a
practical, hands-on tool that allows students to design, experiment with, and analyze direct
current (DC) electrical circuits independently. The primary objective is to cultivate analytical
thinking and scientific experimental design skills by providing accurate and precise
quantitative feedback . The software is engineered for high usability and designed to be fully
functional offline, making it suitable for real-world classroom environments with limited
internet access. The choice of Java as the primary development language was strategic due to
its cross-platform portability, allowing the software to run seamlessly on various operating
systems like Windows, macOS, and Linux, and its robust capabilities for interactive graphical
output.

Learners can manipulate various parameters such as voltage, resistance, and the
material type of resistive components. Four types of resistors are available for selection:
Ohmic conductor, metallic resistor, thermistor, and diode. These variations allow students to
investigate and compare the I-V (current—voltage) characteristics of each component type,
thus enhancing conceptual understanding of electrical behavior.

The simulation interface is designed to clearly represent the experimental setup. Key
components include the selection of circuit configuration (series or parallel), adjustable
resistance values for each experimental case, and control tools for voltage and approximate
resistance (in ohms). By altering these parameters, students are able to observe how current
responds to changes in voltage and resistance, and analyze the relationship through the
graphical representation of [-V characteristics. The ability to switch between different
resistor types further supports the exploration of nonlinear and temperature-dependent
electrical properties, which are essential to a comprehensive understanding of direct current
(DC) circuits.

In the virtual experiment interface, a “Show Theory” button is provided to offer
essential theoretical background relevant to the experiment. When students click this button,
the program presents an overview of the fundamental principles associated with the selected
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experiment. Users may choose from various experimental formats, such as experiments on
series and parallel circuits [6], Explaining Electricity, or -V Characteristics. Each
experimental module includes animated visualizations, such as the direction of current flow
in different circuit configurations, which help enhance students’ conceptual understanding by
providing clear and dynamic representations of abstract concepts [16].

The “Show Instructions” button, available within each experimental module, provides
step-by-step procedural guidance for conducting the experiment. The content includes
detailed instructions beginning with the setup of initial conditions, followed by data
collection procedures, and concluding with the analysis of experimental results. Additionally,
the instructions explain how to adjust experimental parameters such as voltage, resistance,
and approximate resistance. Students may also select from different types of resistors
available in the simulation interface [7,8].

This functionality enables learners to independently design and modify experiments
by adjusting variables of interest. Such flexibility supports personalized inquiry and
encourages deeper exploration of the relationships between electrical quantities. As a result,
students are exposed to a broader scope of learning experiences, fostering critical thinking
and scientific reasoning. This approach promotes learner development through the integration
of artificial intelligence (Al) tools in science education, aligning with modern educational
paradigms that emphasize digital and interactive learning in the 21st century [4] Screenshots
of the virtual experimental interface are presented in Figures 1 and 2.

Chose the cwréuit Parallel
i vou wanlt to study Cireut
Currents | Voltages

\{IELT Answer Answer
Check My

3 &rl:ct _'l._lu.'.uu Answers
Parallel —_ —i

Figure 1.
Selection of the experimental type.
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Figure. 2
Experimental interface for the explaining electricity module.
Figure 2 displays the simulation interface of the Explaining Electricity experiment,
where interactive controls allow users to modify parameters and observe corresponding
changes in electrical quantities. Functional details are described in Table 1.

Table 1.
Functions and usage of the simulation program in the Explaining Electricity experiment.
No. Button Name and Function
1 Voltage Adjustment Button (Joules/Coulomb): Used to set the
desired voltage level in the circuit.
2 Ammeter (Coulombs/Second): Used to measure the electric
current flowing through the circuit.
3 Resistance Adjustment Button (Ohms): Used to set the desired
resistance value.
4 Charge (Coulombs): Displays the amount of electric charge
present in the system.
5 Energy (Joules): Displays the amount of electrical energy
involved in the experiment.
6 Show Instructions: Provides step-by-step procedural guidance
for conducting the experiment.
7 Show Theory: Displays the relevant theoretical background

for the experiment.

3. Results and Discussion

After completing each virtual experiment, the software presents the results in both visual
form and numerical values. Additionally, it is capable of displaying the relationships between
experimental variables and the desired outcomes through clear graphical representations.
These visualizations allow for a precise interpretation of how changes in specific parameters
influence the results of the experiment.
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Explaining Electricity

In the Explaining Electricity experiment, voltage and resistance were systematically
varied to measure the resulting electric current, enabling analysis of their relationship in
accordance with Ohm’s Law. An example of the setup and results is shown in Figure 3.

Based on the simulation results, we observed several key relationships. Firstly, the
voltage (V) was maintained as a controlled variable, consistently set at 4 Volts throughout the
experiment. Similarly, the resistance (R) also functioned as a controlled variable, remaining
constant at 20 Ohms. Consequently, the measured current (I), which served as the observed
outcome, consistently displayed a value of 0.2 Amperes across all images. Evidently, these
findings are in perfect agreement with Ohm's Law. Specifically, when both the voltage and
resistance are kept constant, the current flowing through the circuit inherently remains
constant, a principle clearly demonstrated by the consistent readings.

Furthermore, the simulation provided valuable insights into the behavior of charges
and energy within the circuit. The green circles, representing charges (Coulombs), were
observed to move uniformly around the circuit, thereby indicating a steady flow of electric
current. Concurrently, the blue dots, signifying energy (Joules), demonstrated a quantifiable
change: their quantity increased as the charges traversed the voltage source (battery) and
subsequently decreased upon passing through the resistor (the component on the right side of
the circuit). This phenomenon unequivocally illustrates that energy is imparted to the charges
by the voltage source and then dissipated by the resistor, often transforming into heat or other
forms of energy. Finally, regarding the direction of current flow, the simulation clearly
depicted charges flowing from the positive (+) terminal of the battery, through the circuit, and
back to the negative (-) terminal, which accurately represents the conventional current
direction.

Figure 3
[lustrates the current flow observed when the voltage is set to 6 joules per coulomb and the
resistance is set to 20 ohms.
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The experiment investigating the I-V characteristics was conducted by adjusting the
approximate resistance in order to determine the relationship between current and voltage
within an electric circuit. The components used in this investigation included an ohmic
resistor, a metallic conductor, thermistor and diode. As illustrated in Figures 4 to 7, the
measurements were taken by setting the approximate resistance to 60 ohms. These results
provide a comparative analysis of the current-voltage behavior for different types of resistive
elements under controlled conditions.

The experiments presented in Figures 4-6 demonstrate the distinct current-voltage (I-
V) characteristics of different resistive elements. The ohmic resistor (Figure 4) exhibits a
linear relationship, consistent with Ohm's Law, where the constant slope signifies a stable
resistance value. This serves as a vital benchmark for evaluating other materials. In contrast,
the metallic conductor (Figure 5) shows a gradual non-linearity, with the curve's slope
decreasing as voltage increases. This is attributed to Joule heating, which elevates the
conductor's temperature and impedes electron flow, thereby increasing resistance. The most
pronounced non-linear behavior is observed in the thermistor (Figure 6), where the current
increases steeply with rising voltage, indicating a significant decrease in resistance. This
characteristic is typical of a Negative Temperature Coefficient (NTC) thermistor, where self-
heating leads to a marked reduction in resistance. Understanding these fundamental
differences in I-V characteristics is crucial for the accurate modeling, design, and application
of electronic circuits with these diverse components.

Component to Test

Current vs Voltage

Current (A)

Show Theary

Figure 4
I-V characteristic of an ohmic resistor with an approximate resistance of 60 ohms.

© The 51* International Congress on Science, Technology and Technology-based Innovation (STT 51)

17



7
LEh
R V)

STT51

Collaboration Across Frontiers
L[ [d I CHULALONGKORN|
BANGKOK, THAILAND

Component to Test

F - Current vs Voltage

Current (&)

Ammeter

Show Instructions Show Theory

Figure 5
I-V characteristic of an metallic resistor with an approximate resistance of 60 ohms.

. . Current vs Voltage
_

Current (&)

Ammeter

Show Theory

Figure 6
I-V characteristic of an thermistor resistor with an approximate resistance of 60 ohms.
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Figure 7
1-V characteristic of an diode resistor.

The experiment shown in Figure 7 investigated the current-voltage (I-V)
characteristics of a diode, a semiconductor device with distinct non-linear properties. The
experimental circuit included a potential divider, an ammeter, a voltmeter, and the diode
under test. The I-V characteristic of the diode is distinctly non-linear and fundamentally
different from an ohmic resistor, as the relationship between current (I) and voltage (V)
cannot be described by Ohm's Law with a constant resistance (R). The diode's resistance
(R=V/]) is highly dependent on the applied voltage, being extremely high under reverse bias
and decreasing rapidly under forward bias once the cut-in voltage is reached.

A satisfaction survey was conducted with 30 students from a fundamental electrical
engineering course to evaluate the implementation of a virtual laboratory lesson on DC
Electricity. The assessment covered seven key areas: instructional materials, the suitability of
the media for the current context, the effectiveness of laboratory substitution, budget
efficiency, ease of access to the experiments, the ability to conduct experiments
independently, and the experimental content. The detailed results of this evaluation are
presented in Figure 8.
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Figure 8
Displays the results of a satisfaction survey from 30 students who used a virtual laboratory.

The overall satisfaction evaluation from 30 students indicates a high level of
satisfaction. The highest score, at 90%, was for "The ease of access to experiments,"
suggesting that the virtual laboratory platform effectively addresses issues of accessibility.
High scores were also observed for "The instructional materials," "The suitability of the
instructional media for the current context," and "The experimental content," each at 80%.
However, it is notable that the scores for "The effectiveness of laboratory substitution" (60%)
and "The ability to conduct experiments independently" (70%) were comparatively lower.
These areas present opportunities for future improvement, focusing on enhancing the virtual
laboratory's ability to more effectively replicate the hands-on experience of a physical lab and
better support students' independent learning skills.

Conclusion:

This developed DC circuit simulation software shows strong potential as an educational tool
to enhance students' deep learning and analytical thinking skills. By enabling students to
design and test circuits independently, the software reinforces the fundamental principles of
physics. A key feature is its offline functionality, which removes the constraints of internet
access, making it highly adaptable for diverse educational settings. Furthermore, the software
supports an inquiry-based learning approach, fostering the systematic development of
hypothesis formation, experimentation, and conclusion drawing. Consequently, this software
is a valuable instrument for cultivating essential scientific skills for modern learners.
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Abstract:

This study presents an empirical model for estimating monthly average daily cloud cover
from global solar radiation in Songkhla Province, Thailand, using data from 2010 to 2019.
Models were formulated from the Angstrom-Prescott equation and extended to linear,
quadratic, cubic, logarithmic, exponential, and power forms. The analysis explored the
relationship between the ratio of cloud cover to its maximum observed value (C/Co) and the
ratio of global to extraterrestrial radiation (H/Ho). Among the nine models evaluated, the
quadratic form achieved the best performance, with a coefficient of determination (R?) of
0.9497, a root mean square error (RMSE) of 4.2485 MJ/m?-day, a mean bias error (MBE) of
-0.1381 MJ/m?-day, a mean percentage error (MPE) of -0.373 1% , and a mean absolute
percentage error (MAPE) of 2.7516%. These findings demonstrate that the quadratic model
offers a robust approach for estimating monthly cloud cover in Songkhla and may be
extended to regions with comparable climatic conditions, supporting applications in weather
analysis and solar energy management.

Introduction:

The relationship between cloud cover and solar radiation has been widely studied due to its
relevance in renewable energy, agriculture, and climate-related regional planning [1, 4]. Solar
radiation is the primary driver of the Earth’s climate system and a critical factor in solar
energy production [5, 7]. Cloud cover regulates this input by significantly modifying the
intensity of radiation reaching the Earth’s surface. Understanding the cloud-radiation
relationship is essential for accurate forecasts and better solar energy assessments. [8, 9, 13].

In tropical regions such as Thailand (5.37°N-20.27°N, 97.22°E-105.37°E) [6, 7], high
solar radiation levels create favorable conditions for solar energy development [14, 15].
However, seasonal monsoon dynamics strongly affect cloud cover. The southwest monsoon
during the rainy season and the northeast monsoon in winter produce marked temporal
fluctuations in solar radiation, particularly in southern provinces such as Songkhla [2, §, 16].
These variations underscore the need for localized empirical models that reflect regional
climatic patterns to improve solar energy planning and management [9, 12].

A major challenge in studying cloud-radiation interactions is the scarcity of reliable
cloud cover data [8, 10]. High instrument costs, maintenance requirements, and limited
station coverage restrict availability. By contrast, solar radiation data are more accessible,
routinely collected at meteorological stations, and available from satellite-derived datasets [6,
11, 15]. Empirical models that use solar radiation data to estimate cloud cover therefore
provide a practical and cost-effective alternative [8, 10, 12]. Previous studies have
demonstrated the feasibility of this approach, showing empirical links between solar radiation
and other meteorological variables [11, 13, 14]. In Thailand, site-specific modeling has been
conducted in provinces such as Phuket [2] and Chumphon [3], which have distinct climatic
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