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Abstract

This study examines the effectiveness of utilizing mobile technology applications—specifically, the FluidSIM mobile
app—to enhance circuit training in Mechatronics education among Grade 11 students at General Mariano Alvarez
Technical High School. Recognizing the challenges in providing adequate computer resources for technical and
vocational subjects, this study explores how smartphones can serve as accessible tools for simulation-based learning
in Pneumatics and Electro-pneumatics. Grounded in Mobile Learning Theory and Human-Computer Interaction
(HCI), the research employs a quasi- experimental design with pre-tests and post-tests to evaluate learning outcomes.
Forty-one students participated, and results revealed a statistically significant improvement in their post-test scores
after using the FluidSIM app. The findings affirm the application’s effect on increasing engagement, accessibility, and
mastery of technical skills. The study concludes that mobile technology offers a practical and scalable solution to
enhance Mechatronics training and recommends its broader adoption in technical-vocational curricula when
appropriately integrated.
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Introduction

Concurrent with the advancement of technology in our nation, there is also progress in the use of contemporary teaching methodologies.
Numerous strategies are being developed to simplify teaching methodology, particularly in technical disciplines. These advancements
facilitate students' learning and empower them with access to modern educational devices, such as personal computers and cell phones.

Modern educational resources will significantly aid in efficiently transmitting information to students. Several internet platforms are
available to assist teachers in developing classes and activities for students.

Insufficient computer resources hinder various activities, particularly in the field of Mechatronics, due to a shortage of computers
relative to the number of students. According to DepEd ICT Director Ferdinand Pitagan, the student-to-computer ratio is 1:9, while the
teacher-to-computer ratio is 1:30. This means that the number of computers cannot support the needs of both students and teachers.

According to the proposed Electronic Gadget-Free Schools Act (Senate Bill No. 2706), the Department of Education (DepEd) is
required to announce guidelines regarding the prohibition of using cellphones and other electronic devices, unless they are used in
lessons that specifically require mobile devices. This is stated in SEC. 7, which notes that mobile devices or electronic gadgets shall
not be used within school premises during class hours, except in the following cases: Learning-related exceptions, such as classroom
presentations or class-based learning activities that require the use of such technologies, or for learners who need reasonable
adjustments to a learning program due to a learning disability or difficulty.

Within the field of Mechatronics, specific topics, such as Pneumatics and Electro-pneumatics, require a computer to carry out the
associated tasks. However, if the computer the students utilize is inadequate, it will take them longer to complete a task.

This study aims to explore the significance of integrating digital technology, such as cell phones or smartphones, in enhancing the
teaching and learning processes of instructors and learners.

Through a comprehensive analysis of existing literature and empirical evidence, this paper aims to assist educators in prioritizing the
integration of digital technology in the classroom, specifically through the use of cell phones or smartphones, to cater to students'
learning needs.

The primary objective of the research on Leveraging Mobile Technology Applications is to enhance the teaching and learning of circuit
training in Mechatronics. Additionally, it addresses the issue of schools lacking the resources to provide computers for their students.

This study will focus on students from General Mariano Alvarez Technical High School. Grade eleven students will undergo sample
collection. Students must be actively enrolled in the Mechatronics specialization. This study examines the effect of digital technology,
specifically cell phones or smartphones, on students' academic performance and learning outcomes.

Research Questions

The study sought to determine leveraging mobile technology applications to enhance circuit training in Mechatronics. To answer the
above-cited problem, an answer to the following will be sought:

1. What is the profile of the respondents as to:
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1.1 age; and
1.2 gender?
2. What are the pretest scores of the respondents before the fluidsim mobile technology applications in the enhanced circuit
training mechatronics in terms of:
2.1 pneumatics; and
2.2 electro-pneumatics?
3. What are the post-test scores of the respondents after using the fluidsim mobile technology applications in the enhanced circuit
training mechatronics in terms of
3.1 pneumatics; and
3.2 electro-pneumatics?
4. s there significant differences between the pre-test and post-scores of the respondents before and after using the fluidsim
mobile application in the enhanced circuit training mechatronics in terms of:
4.1 pneumatics; and
4.2 electro-pneumatics?

Methodology
Research Design

This research employed a quantitative methodology. Quantitative research methods (King et al., 2021) are systematic approaches used
to collect and analyze numerical data to draw objective conclusions and make statistical inferences. This method generates numerical
data by administering questionnaires through Google Forms to students who serve as study participants. Furthermore, this quantitative
approach yields methodical, deliberate, and organized study. This research method, known as quantitative research, is extensively
utilized in many research studies. It involves gathering data, quantifying it, and verifying its accuracy using surveys and interviews
with relevant individuals. This study mainly employs statistical research methods (Lindl et al., 2020) to get quantitative data from
research projects. This quantitative research strategy yields exact and realistic information, enhancing the trustworthiness and validity
of the study as it produces numerical outcomes.

This study employed a quasi-experimental design utilizing pre-tests and post-tests to assess the variance in student learning results
between students using mobile technology applications. The quasi-experimental design is very similar to the experimental design but
does not use an indefinite group of prospective research participants. Its purpose is to evaluate the effect of the experiment. However,
it is limited to only controlling those involved in the research, as there is no specific selection of participants.

Respondents

The respondents of the study "Leveraging Mobile Technology Applications to Enhance Circuit Training in Mechatronics: A Proposed
Learning Guide" were selected based on their direct involvement in the Mechatronics specialization. They were categorized as follows:
Population: Grade 11 students currently enrolled in Mechatronics Servicing at General Mariano Alvarez Technical High School;
Rationale: These students are the primary beneficiaries of the proposed mobile applications for their specialization. Their suggestions
and experiences informed the adoption of mobile technology in their field; Sample size: The representative sample consisted of
approximately 41 students from grade 11 Mechatronics.

The respondents of the study are presented in Table 1:
Table 1. Distribution of the Respondents

School Population Actual Respondents
1. General Mariano Alvarez Technical High School — Senior High SchoolG11 20 20
Mechatronics students — Salud Algabre
2. General Mariano Alvarez Technical High School — Senior High SchoolG11 21 21
Mechatronics students — Nicolasa Virata

Total 41 41

Instrument

The researcher prepared a pre-test to assess the prior knowledge of Grade 11 Mechatronics students studying pneumatics and electro-
pneumatics without using a mobile application, as well as a post-test to evaluate the knowledge gained by these students after utilizing
the mobile application. The content of both tests is based on the lesson about pneumatic and electro-pneumatic circuits, with each test
containing 20 questions related to these topics. The validation process, which critically involved a 5-point Likert scale, relied on the
results from the respondents.

After conceptualizing and formulating the pre-test and post-test, the researcher presented them to the panel members for necessary
corrections, revisions, and suggestions for improvement. Approval for the final copy of the instrument was requested from the panel
members.
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Upon approval, the research instrument was validated by four (4) experts. It involved one (1) language teacher, one (1) TVL-
Mechatronics teacher, one (1) master teacher in TVL, and one (1) head teacher in Mathematics. It was validated as to its coherence and
relevance to the problems of the study. After the validation of the research instrument, the researcher advanced to pilot-testing among
fifteen (15) Grade 11 students who were not included as the respondents of the study. It is to ensure that the contents are constructed
within the mental ability of the respondents. The validated research instrument was presented again to the Oral Examination Committee
for their approval in the administration of the said instrument.

Procedure

The researcher followed specific steps to achieve the study's objectives. Research instruments prepared by the researcher were utilized
to gather the desired results. The researcher drafted a permission letter seeking approval from the Dean's Office of Laguna State
Polytechnic University College of Teacher Education to conduct the study. This letter underwent validation by both internal and
external validators. Upon receiving approval from the Oral Examination Committee, the researcher submitted a request letter to the
Schools Division Superintendent (SDS) of Cavite Province to conduct the study. After a week, the research team from SDO-Cavite
responded that the SDS had approved the request. This included a list of requirements that the researcher must fulfill to carry out the
study. The researcher then forwarded a letter to the principal of General Mariano Alvarez Technical High School. The letter included
attachments of the instruments, parental consent forms, assent forms from minors, and informed consent forms, as the respondents
were students, most of whom were under 18 years old.

Afterward, with the consent of the SDS and the principal, the Mechatronics teacher at General Mariano Alvarez Technical High School
was informed about the administration of the pre-test. After obtaining approval, the researcher presented the research instruments to
external validators for further assessment. Following this, the participation of forty-one (41) students from General Mariano Alvarez
Technical High School, specifically from Grade 11 sections Nicolasa Virata and Salud Algabre, was sought.

The researcher conducted a pre-test on Pneumatics in January 2025, using questionnaires to assess the students' prior knowledge. After
analyzing the pre-test results, the researcher distributed copies of the learning guide for the FluidSIM Mobile Technology Application.
Students used this application for circuit training because the limited number of available computers did not meet everyone's learning
needs. The learning guide explains how to download, install, and use the application; this information can be found in Appendix H.
After the students followed the learning guide to use the application, the researcher began teaching lessons on the Pneumatic circuit.
While providing examples relevant to the lesson, the researcher also had the students use the application to enhance their understanding
of the material and topic. Once all the lessons on Pneumatic Circuits were taught, activities were assigned to test whether the students
understood the material. The instructions for the activities can also be found in the learning guide. The Pneumatic Circuit includes
seven activities that students must complete using the FluidSIM mobile application. After all students completed the activities on the
Pneumatic circuit, the post-test was administered in January 2025.

Following the discussion on pneumatics, a pre-test on electro-pneumatics was conducted in January 2025. After reviewing the students'
results, lessons on electro-pneumatics began. Similar to pneumatics, students were encouraged to use the application, providing
examples to create a circuit and deepen their understanding of the lesson. After successfully creating the electro-pneumatics circuit in
the FluidSIM application, they wired in the mock-up to check whether it operated according to the required sequence. After the lessons
are taught, students complete five activities. In these activities, they used the FluidSIM mobile application to test their understanding
of the lesson and verify if the circuit they built is correct. Then, they wired it into the mock-up. After students completed all the
activities, they were given a Post-test in February 2025.

The researcher collected all instruments and data for analysis. She summarized the data using various statistical tools, including
Microsoft Excel formulas. The summarized data was sent to the adviser for cross-checking and to the statistician for statistical
treatment. After the adviser and statistician validated the results, the researcher submitted them to the University's Statistics Center.
She then waited for the validated results. Once received, she arranged the charts and tables, evaluating and interpreting them to gain a
deeper understanding of the study's subject.

The researcher ensured the privacy and confidentiality of the student respondents' answers and data. The anticipated results from the
gathered data were shared solely between the researcher and the thesis adviser. Additionally, the names of the student respondents were
not required or disclosed in the study.

Data Analysis

The researcher employed several statistical tools to gather the data necessary to address the study's problem. This data ultimately
facilitated the tabulation, analysis, summarization, interpretation, and presentation of the study's results.

In this study, the researcher employed frequency statistical treatment to determine the mean and standard deviation of the pre-test and
post-test scores for both groups before and after using mobile technology. The researcher applied an independent t-test for pre-test
analysis to compare the scores of the two groups and to see if there was any difference in their basic knowledge before using mobile
technology in pneumatics and electro-pneumatics. The independent t-test was also utilized to compare the post-test scores of the two
groups to assess the effectiveness of using mobile applications to promote learning in pneumatics and electro-pneumatics.
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Results and Discussion

This chapter presents the study's results, analyzing the data gathered from the respondents through pre-test and post-test evaluations. It
includes the respondents' profiles, their performance in Pneumatics and Electro-pneumatics before and after the implementation of the
FluidSIM mobile technology application, and the statistical test of difference to determine the significance of the improvement
observed.

Profile of the Respondents

Table 2. Distribution of the respondents as to Age

Age f %
16 17 41.5%
17 16 39.0%
18 5 12.2%
19 2 4.9%
22 1 2.4%

Total 41 100.0%

This table illustrates the age distribution of respondents. The majority of respondents were 16 years old, making up 17 or 41.5% of the
total, closely followed by those who were 17 years old, accounting for 16 or 39.0%. The least represented group comprised respondents
aged 22 years, which constituted only 1 or 2.4% of the population. This indicates that most respondents are in mid to late adolescence,
a crucial developmental stage during which learning through interactive technology can be highly engaging and effective.

Table 3. Distribution of the respondents as to Gemder

Gender f %
Male 39 95.1%
Female 2 4.9%
Total 41 100.0%

The table presents the distribution of the student respondents by gender. The data shows that out of the 41 respondents, 39 or 95.1%
identified as male, while only 2 or 4.9% identified as female. This reflects the male-dominated composition of students in the
mechatronics course, which is typical in technical-vocational fields.

Pre-test Performance Before Using FluidSIM Mobile Technology
Pneumatics

Table 4. Distribution of the Pretest Scores of the Respondents before the Fluidsim Mobile Technology
Applications in the Enhanced Circuit Training Mechatronics in terms of Pneumatics

Pneumatics pre-test Scores f % Interpretation
17-20 - - Excellent
13-16 - - Very Good
9-12 1 0.6 Good
5-8 15 9.15 Fair
0-4 25 12.2 Needs Improvement

Legend: 17-20 (Excellent); 13-16(Very Good); 9-12 (Good); 5-8 (Fair); 0-4 (Needs Improvement)

This table displays the pre-test scores of students in pneumatics before using the FluidSIM mobile application. It indicates that the
students' scores reflect their prior knowledge of the lesson. The table shows that 25 students, or 12.2%, received scores ranging from 0
to 4, which is interpreted as "Needs improvement." This indicates that the students do not yet possess sufficient knowledge of the
lesson.

Fifteen students obtained scores ranging from 5 to 8, or 9.15%, and the verbal interpretation was "Fair." This indicates that they know
a little more but not enough to claim they understand the lesson, as the pre-test may have been guessed.

Of the 41 students who took the pre-test, only one scored a 9 or 0.6%. With scores ranging from 9 to 12, the verbal interpretation was
"Good," indicating that their scores show knowledge beyond the students' previous scores.

These results indicate a general need for improvement to a fair understanding of Pneumatics before integrating the FluidSIM mobile
application, suggesting enhanced instructional methods are needed.

Electro-pneumatics

This table shows the pre-test scores of students in electro-pneumatics before using the FluidSIM mobile application. Students’ scores
are lower in electro-pneumatics because it is more technical than pneumatics.
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Table 5. Distribution of the Pretest Scores of the Respondents before the Fluidsim Mobile Technology
Applications in the Enhanced Circuit Training Mechatronics in terms of Electro-Pneumatics

Electro-pneumatics pre-test scores f % Interpretation
17-20 - - Excellent
13-16 - - Very Good
9-12 - - Good
5-8 8 6.53 Fair
0-4 33 16.1 Needs Improvement

Legend: 17-20 (Excellent); 13-16(Very Good); 9-12 (Good); 5-8 (Fair); 0-4 (Needs Improvement)

The results of the scores show that 33 students, or 16.1% of the population, received a score ranging from 0 to 4. These scores have a
verbal interpretation of "Needs Improvement,” which means that the students know little or nothing about the lesson and therefore need
to undergo more in-depth study about electro-pneumatics.

It can also be noted that 8 students, or 6.53%, achieved higher scores ranging from 5 to 8, which were interpreted verbally as "Fair."
The scores may be a little higher, but it's still not enough to say they really have knowledge in electro-pneumatics, so they still need to
go through a more in-depth study of the lesson.

These findings confirm that students have limited knowledge and skills in Electro-pneumatics before using the FluidSIM mobile
application.

Post-test Performance After Using FluidSIM Mobile Technology
Pneumatics

Table 6. Distribution of the Post-test Scores of the Respondents after the Fluidsim Mobile Technology
Applications in the Enhanced Circuit Training Mechatronics in terms of Pneumatics

Pneumatic post-test Scores f % Interpretation
17-20 41 25.03 Excellent
13-16 - - Very Good
9-12 - - Good
5-8 - - Fair
0-4 - - Needs Improvement

Legend: 17-20 (Excellent); 13-16(Very Good); 9-12 (Good); 5-8 (Fair); 0-4 (Needs Improvement)

This table illustrates the improvement in students' scores after utilizing the FluidSIM mobile application for pneumatic circuit training.

The table shows that the students' scores improved after using the FluidSIM mobile application. This improvement is attributed to their
knowledge of pneumatics after the use of the FluidSIM mobile application, compared to their performance before being taught about
the lesson.

The table shows that 41 students scored within the range of 17 to 20, accounting for 25.03% of the population with a verbal
interpretation of "Excellent." This indicates that, based on their post-test scores, the use of the FluidSIM mobile application was
effective for students.

This distribution indicates a marked improvement in students’ understanding and performance in Pneumatics following the mobile
technology-enhanced learning approach.

Electro-pneumatics

Table 7. Distribution of the Post-test Scores of the Respondents after the Fluidsim Mobile Technology
Applications in the Enhanced Circuit Training Mechatronics in terms of Electro-pneumatics

Electro-pneumatics pre-test scores f % Interpretation
17-20 41 25.03 Excellent
13-16 - - Very Good
9-12 - - Good
5-8 - - Fair
0-4 - - Needs Improvement

Legend: 17-20 (Excellent); 13-16(Very Good); 9-12 (Good); 5-8 (Fair); 0-4 (Needs Improvement)
Table 7 presents the improvement in students' performance after using the FluidSIM mobile application in electro-pneumatics circuit
training.

The table indicates that the students' scores were high. All students received scores ranging from 17 to 20, representing 25.03% of the
population. All scores obtained by students in the post-test were interpreted as "Excellent” verbally. This alone demonstrates that the
use of the FluidSIM mobile application for their study of electro-pneumatic circuits was effective.
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This pattern strongly indicates that the FluidSIM mobile technology application effectively improved student learning and mastery in
Electro-pneumatics.

Significant Difference Between Pre-test and Post-test Scores
Pneumatics

Table 8. Test of Significant Difference between the Pre-test and Post-scores of the respondents using the Fluidsim
mobile application in the enhanced circuit training mechatronics in terms of Pneumatics

Test Mean SD Mean Diff. t df  Sig. (2-tailed) Interpretation
Pre-test 3.98 2.23 -15.27 -38.793 40 0.000 Significant
Post-test 19.24 0.97

Legend: Sig (2-tailed) < .05 (Significant); Sig (2-tailed) > .05 (Not significant)

The analysis of the respondents' pre-test and post-test scores, as shown in the provided table, reveals a significant improvement in
scores from pneumatics circuit training following the use of the FluidSIM mobile application. The mean scores increased markedly
from pretest to post-test, with a mean difference of -15.27. The t-value, -38.793, along with the corresponding p-values of 0.000,
indicates that these improvements are statistically significant at the 0.05 level. This notable enhancement in the students’ scores can be
attributed to the use of the FluidSIM mobile application.

According to the study of Yuan et al (2025), consequently, the adoption of appropriate mobile applications at different stages of learning
to enhance academic performance has emerged as a pressing issue.

Moreover, Aresta et al. (2015) found that pedagogical design and individual preferences are fundamental to the successful adoption of
mobile applications. This aligns with using the FluidSIM mobile application for learning pneumatic circuit training.

Electro-Pneumatics

Table 9. Test of Significant Difference between the Pre-test and Post-scores of the respondents using the
Fluidsim mobile application in the enhanced circuit training mechatronics in terms of Electro-pneumatics

Test Mean SD Mean Diff. t df  Sig. (2-tailed)  Interpretation
Pre-test 2.95 1.86 -16.49 -56.382 40 0.000 Significant
Post-test 19.44 0.90

Legend: Sig (2-tailed) <.05 (Significant); Sig (2-tailed) > .05 (Not significant)

The table presents the test for significant differences between pre-test and post-test scores in the electro-pneumatic circuit. The mean
scores increased from the pre-test, which was 2.95, to the post-test, which was 19.44, resulting in a mean difference of -16.49. The t-
value of -56.382, along with the corresponding p-value of 0.000, indicates that these improvements are statistically significant at the
0.05 level. This notable improvement in the students' scores can be attributed to the use of the FluidSIM mobile application. These
findings imply that the use of FluidSIM mobile applications is effective in electro-pneumatic circuit training.

According to Yuan al (2025), once the appropriate mobile learning applications have been selected, learners are expected to actively
engage with these tools to enhance their targeted skills. This demonstrated that by utilizing the FluidSIM mobile application, Grade 11
Mechatronics students were able to enhance their understanding of the lesson on electro-pneumatics, even though they were only using
mobile devices. The absence of computers did not hinder their ability to acquire sufficient knowledge and skills in electro-pneumatics.

This study aimed to evaluate the effectiveness of the FluidSIM mobile technology application in enhancing circuit training in
Mechatronics, with a specific focus on Pneumatics and Electro-pneumatics. The research involved 41 student respondents, whose
profiles were described in terms of age and gender. Their knowledge and skills were assessed through pre-test and post-test scores,
measured before and after integrating the mobile technology application.

The profile analysis showed that most respondents were 16 to 17 years old, and most were male, reflecting the standard demographics
in technical-vocational education. Pre-test scores revealed that students generally performed poorly to moderately in both Pneumatics
and Electro-pneumatics. After using the FluidSIM mobile application, post-test scores showed significant improvement, with many
respondents achieving near-perfect or perfect scores.

Statistical analyses confirmed a significant difference between the pre-test and post-test scores in both subject areas, affirming the
positive impact of the FluidSIM mobile technology on student learning outcomes.

Conclusions
Based on the findings of the study, the following conclusions are drawn:

The use of FluidSIM led to statistically significant improvements in students' performance, as evidenced by the results of the t-tests in
both Pneumatics and Electro-pneumatics; therefore, the hypothesis is not sustained.
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The effectiveness of mobile technology in circuit training can serve as a powerful tool for engaging learners, enhancing practical skills,
and promoting academic success in Mechatronics; thus, the hypothesis is not sustained.

Considering the study's findings, the following recommendations are offered:

Integration of Simulation Tools: Schools offering Mechatronics and other technical courses should consider adopting simulation-based
mobile applications like FIuidSIM to supplement traditional classroom and laboratory instruction.

Professional Development: Teachers should be trained in using mobile technology applications and digital tools to maximize their
potential in improving student learning outcomes, not only in Mechatronics but also in all subject areas.

Further Research: Future studies may explore the long-term impact of simulation technology on student performance or compare its
effectiveness with other instructional methods across different strands or technical subjects.

Curriculum Enhancement: Educational institutions may consider revising their curriculum to include blended learning strategies
incorporating mobile and digital tools in technical-vocational education.

Wider Implementation: This study's positive results support the potential for broader implementation of mobile technology in other
areas of the K-12 curriculum, particularly in TVL-related courses.
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