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ABSTRACT

This study investigates the influence of laboratory manual that is virtual based as a supplementary tool or
learning material in Physical Science class to improve Grade 11 learners’ conceptual understanding in
Chemistry under MELCS. Utilizing a Quasi-experimental design with qualitative support research design, the
study determines the effect of

Laboratory Manual on learners’ conceptual understanding through quantitative assessment with qualitative
supplemental data. The findings indicate a significant improvement in learners’ achievement, with posttest
scores reflecting augmented comprehension of Chemistry concepts in Physical Science. The study reveals that
developed laboratory manual utilizing virtual laboratories are effective tools for improving science education
in resource-limited settings.
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INTRODUCTION

Recent studies (Acido et al., 2024) reveal no significant educational progress in the Philippines from 2018 to
2022 in PISA results, particularly in math, reading, and science. Similarly, post-K to 12 NAT results show low
academic performance (Behigda, 2022). Consequently, misconceptions hinder science learning and highlight
the need to improve teaching methods (Ozmen, 2004; Uce & Ceyhan, 2019). Chemistry is a complex subject
requiring more than basic instruction (Shehu, 2015). Kaptan et al. (2012) reported challenges in public school
science education—Iack of labs, materials, and teacher support. However, (VL) Virtual laboratory experiments
are preferable when there is insufficient experimental equipment and tools or poor laboratory conditions. VL
applications can be alternative or supportive to real labs in some cases at graduate or high school level,
according to Ergul& Binici (2006). This initiative supports the United Nations Sustainable Development Goal
4 (SDG 4) by developing a virtual Chemistry lab manual for Senior High School to enhance learning quality.
In response to this need, the study aimed to assess the conceptual understanding of Grade 11 Senior High
School students in Chemistry based on the Most Essential Learning Competencies (MELCs). The data
gathered will be used to design and develop a Laboratory Manual, as well as to identify the perceptions of both
learners and teachers regarding its effectiveness. This initiative supports the United Nations Sustainable
Development Goal 4 (SDG 4), aligning with the Department of Education’s efforts to promote sustainable
practices and advance quality education for today’s learners.

METHODOLOGY

This study used a quasi-experimental design with qualitative support. It was guided by a needs assessment of
students' prior understanding in Chemistry topics in MELCs, which informed the development of a pretest-
posttest and a Physical Science (Earth Science, Astronomy, Chemistry, and Physics) - Chemistry Virtual
Laboratory manual. The study also explored student and teacher perceptions of the manual. A total of 75 Grade
11 students from a public school in Linamon, Lanao del Norte participated, selected through purposive
sampling.
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Research Instruments

The study primarily used a Laboratory Manual with Virtual Laboratories, developed through the ADDIE
model, to focus on Chemistry concepts in Physical Science. A Needs Assessment, consisting of 50 multiple-
choice items which undergone validation of experts and pilot testing, before it was used to measure students'
understanding of Chemistry topics in MELCs. The result of the taken needs assessment, determine the topics
in Chemistry under Physical Science that will be covered in the activities of the developed Laboratory Manual
to improve the conceptual understanding of the students. During the lessons, Pretests were administered before
the Laboratory Manual, and a posttest to assess changes in conceptual understanding. Additionally, a Student
and Teacher Perception Assessment was conducted to gather qualitative data on learners' experiences and
teachers' observations of the manual. All the instruments mentioned had undergone a validation process by
experts in the field with a series of feedbacking and revision for improvements.

Data Gathering Procedure

The data gathering procedure of this study, the resource school SHS ICT room is equipped with 30 computers
and 46 internet-connected laptops. With proper authorization, the researcher will conduct a needs assessment
on students’ conceptual understanding in Chemistry topics in MELCs. If results show less than 75%
proficiency (as per DepEd Order No. 55, s. 2016), a laboratory manual will be developed targeting the
identified weak areas, validated by subject experts, and pilot-tested.

Following the ADDIE model (Analyze, Design, Develop, Implement, Evaluate), the process begins with
reviewing MELCs and the curriculum guide. The manual will be designed to include appropriate virtual lab
activities, objectives, and guide questions. During implementation of lessons, the manual will be used in class,
ensuring smooth use of virtual labs. Continuous evaluation will be done to improve the manual throughout all
phases.
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Figure 1. Data Gathering Procedure of the Study
Data Analysis

This study used both descriptive and inferential statistics to assess the effectiveness of the developed virtual
lab manual in enhancing students’ understanding of Chemistry. Descriptive statistics (mean, standard
deviation) summarized pre- and post-test results, while a diagnostic needs assessment identified difficult topics
based on correct response rates. Three experts evaluated the manual using a 5-point Likert scale across content,
presentation, visuals, and layout. To measure the intervention's impact, a paired sample t-test (a = 0.05) was
conducted, comparing pre- and post-test scores to determine significant improvement in students’ conceptual
understanding.

RESULTS AND DISCUSSION
Administering of Needs Assessment
In table 1 below, is the needs assessment revealed that while students showed satisfactory understanding of

basic Chemistry topics, their performance significantly declined in more complex areas, starting with Chemical
Bonding (25.45%) and continuing through topics like Solutions, Atomic Structure, Acids and Bases, and
Biomolecules, with the lowest score in Substances and Mixtures (12.27%). These results highlight a gap in
conceptual understanding, likely due to limited hands-on experience and difficulty visualizing abstract
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concepts. To address this, the virtual laboratory manual was designed to focus on these challenging topics,
using interactive simulations to enhance engagement and learning in lieu of traditional lab access.

Table 1. Needs Assessment Analysis

CHEMISTRY TOPICS No. of Items | No. of Correct (55) Percentage | Rank
Periodic Table of Elements 3 156 94.55% 1
Gas Laws 2 103 93.64% 2
Electronic Structure of Matter | 2 101 91.82% 3
Metals, Nonmetals and

metalloids 3 148 89.70% 4
Scientific Methods 4 197 89.55% 5
Mole Concepts 3 144 87.27% 6
Chemical Bonding 3 42 25.45% 7
Element and Compound 4 55 25.00% 8
Solutions 4 52 23.64% 9
Atomic Structure 3 35 21.21% 10
Acids and Bases 4 44 20.00% 11
Atoms and Molecules 3 31 18.79% 12
Carbon atoms and Organic

Compounds 3 28 16.97% 13
Biomolecules 2 16 14.55% 14
Chemical Reaction 3 22 13.33% 15
Substance and Mixtures 4 27 12.27% 16

Design and Development of Laboratory Manual

Table 2 shows that the laboratory manual received excellent ratings (mean score of 5.00) from experts in
content, organization, language, and design, indicating high quality and educational soundness. Illustrations
scored slightly lower (4.33 — Very Acceptable), suggesting minor improvements could enhance visual clarity
and engagement. Overall, the expert evaluation confirms the manual’s effectiveness and readiness for use as a
supplementary tool in Chemistry education.

Table 2. Validation Result of the Laboratory Manual

Dimensions Expert 1 | Expert 2 Expert 3 | Mean Description
Content 5 5 5 5 Excellent
Organization,
Presentation and
Language 5 5 5 5 Excellent
Illustrations/ Images 5 4 4 4.33 Very Acceptable
Design and Layout 5 5 5 5 Excellent
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Conceptual Understanding of Learners in Chemistry

Table 3 highlights the improvement in students’ conceptual understanding before and after using the virtual
laboratory manual. In the pretest, 91% of students scored in the "Very Low" category, with only one student
reaching an "Average" level and none scoring "High" or "Very High." After implementing the manual, only
16% remained in the "Very Low" group, while more students moved into "Low," "Average," "High," and even
"Very High" categories. These results indicate the manual's effectiveness in improving understanding through
interactive and engaging virtual lab experiences.

Table 3. Pretest and Posttest Conceptual Understanding Scores of Learners in Chemistry

Pretest Posttest
Score Range | Rating N | % N | % Description
35-40 90-100 0 |0 5 [9.09 | Very High conceptual understanding
31-34 85-89 0 |0 6 | 10.91 | High conceptual understanding
28-30 80-84 1 |1.82 |16/ 29.09 | Average
24-27 75-79 4 | 7.27 |19 | 34.55 | Low conceptual understanding
Below 24 Below 75 | 50 | 90.91 | 9 | 16.36 | Very Low conceptual understanding

Further, Table 4 below compares students' conceptual understanding before and after using the virtual
laboratory manual. The pretest mean score was 16.82, indicating very low understanding, while the post-test
mean increased to 27.13, showing an average level. The decrease in standard deviation suggests more
consistent performance. These results confirm the manual’s effectiveness in improving students’ Chemistry
understanding through interactive and visual learning.

Table 4. Comparison of Conceptual Understanding Level during Pretest and Post test

Mean N Standard Deviation Description
Pre-test scores 16.82 55 4.65 Very Low conceptual understanding
Post-test scores | 27.13 55 4.37 Average Conceptual Understanding

Lastly, Table 5 below shows the paired sample t-test results comparing pretest and posttest scores. A t-value of
35.99 and p-value < 0.001 indicate a statistically significant improvement in students’ understanding after
using the virtual lab manual. This is in line with the study of Njokwu (2010) and Obinna (2012), which
concluded that using instructional materials and practical manuals improves science students' academic
performance by making lessons more realistic and easier to understand.

Table 5. The t-test Value of Pretest and Posttest Scores

Group Mean t-statistics P value | Remark

Pretest 16.82 35 <0.001 | Significant

Post test 27.13

Perception of Students and Teachers’ Perceptions on the Laboratory Manual

Table 6 shows both students’ and teachers’ perceptions of the virtual laboratory manual. Students gave mean
scores ranging from 2.02 to 4.12, with most between 3.92 and 4.12 ("Agree"), indicating positive views on
usability, clarity, and lesson integration. The overall mean was 3.94 with consistent responses. Teachers gave
adjusted mean scores from 3.50 to 4.70 ("Agree" to "Strongly Agree"), reflecting strong approval of its
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instructional value and ease of use. The overall adjusted mean was 4.17. Both groups found the manual
effective, accessible, and supportive of Chemistry learning.

Table 6. Mean Scores, Standard Deviations, and Interpretations of Students and Teachers’ Perceptions
on the Laboratory Manual

Item | Statement Student Science Teacher
No. Mean | Standard | Interpretation | Mean | Standard | Interpretation
Score | Deviation Score | Deviation

Q1 |1 would like to use the|4.02 |0.55 Agree 450 |0.52 Strongly
virtual laboratory manual Agree
frequently.

Q2 | I found the procedure of the | 2.16 | 0.91 Disagree 1.80 |0.83 Strongly
innovated laboratory Disagree
manual overly complicated.

Q3 |1 thought the wirtual |3.96 | 0.6 Agree 3.90 |0.83 Agree
laboratory activities
platform were easy to
simulate.

Q4 | I think that I would need the | 2.18 | 0.9 Disagree 2.10 |0.64 Disagree
support of a specialist to be
able to wuse the virtual
simulations.

Q5 | I found the various activities | 4 0.53 Agree 460 |0.74 Strongly
in the laboratory manual for Agree
Chemistry  lessons  were
integrated with  Physical
Science.

Q6 |1 thought there was too |2.14 |0.81 Disagree 2.00 [0.71 Disagree
much inconsistency in the
parts of activities in the
constructed virtual
laboratory manual.

Q7 | I imagine that most students | 4.12 | 0.66 Agree 470 |0.46 Strongly
would learn to simulate Agree
virtual laboratory activities
very quickly.

Q8 |1 found the innovated | 2.1 0.79 Disagree 2.00 |0.52 Disagree
laboratory manual
confusing to use.

Q9 (I felt wvery confident|3.92 |0.53 Agree 440 |0.53 Strongly
utilizing  the laboratory Agree
manual setup.

Q10 | I needed to learn a lot of | 2.02 | 0.96 Disagree 250 |1.51 Disagree
things before | could get
going with the innovated
laboratory manual.

Overall Mean 3.94 |0.09 Agree 4,17 |0.73 Agree
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CONCLUSIONS

The study concluded that the use of a virtual laboratory manual significantly enhances the conceptual
understanding of Grade 11 students in Chemistry under the Physical Science subject. Initially, the diagnostic
assessment revealed that students performed well in basic Chemistry concepts but struggled significantly with
abstract and complex topics such as carbon and organic compounds, chemical reactions and catalyst, atoms
and molecules, and biomolecules. The implementation of the virtual laboratory manual, developed through the
ADDIE model and validated by experts, effectively addressed these conceptual gaps.

Posttest results showed a substantial improvement in students' performance, with the average score increasing
from 16.82 (Very Low) to 27.13 (Average). The paired t-test further confirmed the statistical significance of
this improvement (p < 0.001). Both students and teachers reported positive perceptions of the manual, noting
its ease of use, clarity, and instructional value. These findings affirm the effectiveness of integrating virtual
laboratory experiences into the science curriculum, especially in schools with limited physical laboratory
resources.

RECOMMENDATION

In light of the findings, it is recommended that virtual laboratory manuals be adopted more broadly in the
senior high school curriculum to enhance students’ conceptual understanding in Chemistry, Physics, and
Biology. Education stakeholders, including the Department of Education, may consider integrating virtual labs
as official supplementary learning tools, particularly in resource-constrained environments.

Further, schools may provide training programs for science teachers to maximize the potential of virtual
simulations and to encourage the use of technology-integrated instruction. Although the manual received high
validation scores, improvements in the visual design and illustrations are encouraged to further enrich the
learning experience.

Additional studies are also suggested to explore the long-term impact of virtual laboratories on learning
retention and to evaluate their effectiveness across diverse student populations and scientific disciplines.

REFERENCES

1. Acido, J., & Caballes, D. (2024). Assessing educational progress: A comparative analysis of PISA
results (2018 vs. 2022) and HDI correlation in the Philippines. World Journal of Advanced Research
and Reviews, 21(1), 462—-474. https://doi.org/10.30574/wjarr.2024.21.1.0020

2. Ainley, M., & Ainley, J. (2011). Student engagement with science in early adolescence: The
contribution of enjoyment to students’ continuing interest in learning about science. Contemporary
Educational Psychology, 36(1), 4-12. https://doi.org/10.1016/j.cedpsych.2010.08.001

3. Ayuso, E., Lopez, L., & Ruiz-Vidal, A. (2022). Students’ performance in the scientific skills during
secondary education. Eurasia Journal of Mathematics, Science and Technology Education, 18, em2165.
https://doi.org/10.29333/ejmste/12444

4. Galvez, R. (2018). Effectiveness of animated visuals for the teaching of chemical bonding in junior
high school chemistry. International Journal of Education and Research, 6(1). Retrieved from
https://www.academia.edu/40851663/

5. Laureano, R., et al. (2015). Effects of Grade 9 Science Learner’s Material on students’ self-regulation
and achievement in chemistry. Electronic Journal of Science Education, 19(8). Retrieved from
https://ejrsme.icrsme.com/article/view/15385

6. Kaptan, K., & Timurlenk, O. (2012). Challenges for science education. Procedia — Social and
Behavioral Sciences, 51, 763-771. https://doi.org/10.1016/j.sbspro.

7. 2012.08.237

8. Njokwu, Z. C. (2010). Level of chemistry practical science skills acquired by senior secondary school
students. Nigeria Journal of Professional Teachers, 2(2), 114-116.

9. Obinna, J. B. (2012). Analysis of poor performance of senior secondary school students in chemistry in
Nigeria. African Research Review: International Multidisciplinary Journal, Ethiopia, 6(4), 319-330.

Page 989

www.rsisinternational.org


http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS | Volume IX Issue V May 2025

. /

) =
>, S
¢ RSIS ~

10. Rebecca, U. E., & Udoh, N. M. (2017). Effects of practical activities and manual on science students’
academic performance on solubility in Uruan Local Education Authority of Akwa Ibom State. Journal
of Education and Practice, 8, 202-209.

11. Behiga, R. (2022). Issues with National Achievement Test (NAT) in the Philippines. [Unpublished
manuscript]de Borja, J. M., & Marasigan, A. (2020). Status of science laboratory in a public junior high
school. [Unpublished work]

12. Samuels. (2015). Paired Samples t-test. Retrieved from
https://www.researchgate.net/publication/274635625 Paired_Samples_t-test (Accessed: [insert date
accessed])

13. Singh, S., & Yaduvanshi, S. (2015). Constructivism in science classroom: Why and how. Retrieved
from https://www.ijsrp.org/research-paper-0315/ijsrp-p3978.pdf (Accessed: [insert date accessed])

14. Tatli, Z., & Ayas, A. (2010). Virtual laboratory applications in chemistry education. Procedia — Social
and  Behavioral  Sciences, 9, [page numbers if available].  Retrieved from
https://doi.org/10.1016/j.sbspro.2010.12

Page 990 www.rsisinternational.org


http://www.rsisinternational.org/

