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ABSTRACT 

Education is shifting towards modern approaches particularly with the integration of digital resources and 

STEM in the classrooms. One significant advancement in the field of science education is the use of simulation 

tools, which provide an interactive and engaging ways in teaching complex science concepts. The primary aim 

of the study is to determine the significant difference between the pretest and posttest scores of Grade 8 

learners after the intervention of a developed learning packet on typhoons. Grounded in the principles of STEM 

education, the learning packet incorporated real-time simulation tools such as Project NOAH and Zoom Earth 

to enhance learners' conceptual understanding of typhoon formation and movement. Using a one-group 

pretest-posttest design, seventy (70) learner-respondents participated in the intervention. Data analysis 

revealed a significant improvement from the pretest mean score of 14.01 to the posttest mean score of 18.28. 

A paired sample t-test showed that the improvement was statistically significant at p < 0.05. Furthermore, the 

study supports the Sustainable Development Goals (SDG 4: Quality Education, SDG 13: Climate Action) by 

improving access to quality science education and fostering a deeper understanding of climate resilience and 

disaster risk reduction. The development of this learning packet not only enhances conceptual understanding 

of typhoons but also fosters disaster risk awareness and readiness for real-word environmental challenges. 

Keywords: Typhoons, Learning Packet, Pretest-Posttest Design, Grade 8 Learners, Conceptual 

Understanding, Paired Sample t-test, Sustainable Development Goals (SDG) 

INTRODUCTION 

Typhoons are one of the most destructive natural disasters, and their impact is particularly severe in countries 

like the Philippines. Due to its location in the Intertropical Convergence Zone (ITCZ), the country experiences 

approximately 20 typhoons annually, many of which cause significant damage and loss of life (Santos, 2021). 

Given their frequency and the vulnerabilities, they pose, teaching typhoon formation and its associated risks 

is important in helping learners understand these phenomena and make connections to real-world situations. 

However, one of the most challenging areas for Grade 8 students is understanding the process of typhoon 

formation. This competency remains one of the least mastered in the Science 8 curriculum (Soberano & 

Matiras, 2024). Additionally, typhoons have complex characteristics, making them difficult to understand 

(Chen & Li, 2024). 

Despite the importance of this topic, many instructional approaches still rely on traditional, static materials 

that fail to promote active engagement and conceptual understanding, where learners struggle to demonstrate 

competence and develop essential scientific skills (Balansag, 2019). Learning materials, particularly 

textbooks, are frequently designed in a way that encourages surface-level learning strategies rather than 

fostering a deep understanding of complex scientific concepts (Ambag, 2018). Furthermore, the persistent use 
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of traditional teaching methods leads to rote memorization instead of meaningful learning (Tabamo, 2023). 

This limits students' ability to apply scientific knowledge effectively, preventing them from achieving the 

intended learning outcomes (Abah, 2020). 

To address these gaps, the learning packet was designed using the Successive Approximation Model (SAM), 

ensuring an iterative and responsive development process based on expert feedback. Evaluations from pre-

service and in-service teachers showed strong instructional design, content clarity, and overall effectiveness, 

with "Tracing Typhoon Movements" and "Know Your Hazards" receiving favorable ratings. Revisions were 

made based on these evaluations to further refine the materials. 

By integrating real-time simulation tools, the learning packet aims to enhance STEM education by providing 

a dynamic, interactive, and learner-centered experience. Furthermore, this educational innovation contributes 

to the United Nations Sustainable Development Goals, specifically SDG 4 (Quality Education) by promoting 

access to inclusive and equitable quality education, and SDG 13 (Climate Action) by strengthening learners' 

understanding of climate resilience and disaster risk reduction. 

Specifically, this study evaluates the effectiveness of the developed learning packet by determining whether 

there is a significant difference between the pretest and posttest scores of Grade 8 learners. Through analyzing 

learners' performance before and after the intervention, the study seeks to establish whether the learning packet 

significantly improves conceptual understanding of typhoon-related concepts. 

Objectives of the Study 

This study sought to attain the research objective: 

Determine the significant difference between the pretest and posttest scores of the learner-respondents. 

METHODOLOGY 

Research Design 

This study employed a quantitative one-group pretest-posttest design to determine the significant difference 

in learners' scores before and after the implementation of a developed learning packet (Privitera & Delzell, 

2019). 

In this design, the same dependent variable which is the learners' achievement scores was measured before 

(pretest) and after (posttest) the intervention. Seventy (70) Grade 8 learner-respondents were purposively 

selected as participants. Quantitative analysis, specifically a paired sample t-test, was utilized to determine 

whether there was a statistically significant improvement in the learners' scores. 

Research Participants 

The participants in the study were seventy (70) Grade 8 learners from a private school in Kauswagan, Lanao 

del Norte. These participants voluntarily participated in the study, providing assent along with consent forms 

signed by their parents. The criteria for selecting the learner-respondents were: (a) currently enrolled as Grade 

8 learners for the academic year 2024–2025; and (b) had not previously covered or discussed typhoons in their 

science lessons. Participants were purposively selected to ensure alignment with the study’s objectives and 

content focus. Although specific demographic data were not collected, learners were assumed to fall within 

the typical age range for Grade 8 students based on the school’s enrollment records. The limited demographic 

scope and the use of a single private school may affect the generalizability of the findings. Future studies are 

encouraged to include participants from more diverse backgrounds and school settings to strengthen external 

validity. 
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Research Instruments 

The primary instrument used in this study was a researcher-made 30-item achievement test aligned with the 

Most Essential Learning Competencies (MELCs) for Grade 8 Science. The achievement test (pretest-posttest) 

was designed based on a Table of Specifications (TOS) to ensure alignment with the intended learning 

outcomes on typhoons and associated risks. To establish content validity, the test underwent face validation 

by the research advisers who are science education experts, who reviewed the appropriateness, relevance, and 

clarity of the items. Revisions and refinements were incorporated based on the experts' feedback to ensure the 

validity and reliability of the instrument. 

Description of the Developed Learning Packet 

The learning packet was designed using the Successive Approximation Model (SAM) and consisted of two 

key activities: (1) Tracing Typhoon Movements and (2) Know Your Hazards. These activities focused on 

understanding typhoon movement and related hazards, aligned with the Most Essential Learning 

Competencies (MELCs) in Science 8. Real-time simulation tools such as Zoom Earth and Project NOAH were 

used to allow learners to interact with live weather data and hazard maps. In addition, supplementary materials 

such as worksheets, and simplified maps supported concept reinforcement and learner engagement. To support 

transparency and facilitate replication of the intervention, a summary of the learning packet’s components and 

two learning activities are provided in Appendix A 

Data Gathering Procedure 

The study was conducted at a private school in Kauswagan, Lanao del Norte. A formal letter of approval was 

sent to the school principal to request permission to conduct the research. Upon approval, the researcher then 

coordinated with Grade 8 class advisers and science teachers to arrange the schedule and conduct orientation 

to the learners regarding the study. Parents’ consent forms and learners’ assent forms were distributed and 

collected before finalizing the list of participants. The researcher then administered the pretest to the seventy 

(70) Grade 8 learner-respondents to establish baseline data on their understanding of typhoons and associated 

risks. Following the pretest, the learning packet, which incorporated real-time simulation tools such as Project 

NOAH and Zoom Earth, was implemented during the learners’ regular science classes. Upon completion of 

the learning packet activities, the posttest was administered to the same group of learners. 

Data Analyses 

The following statistical tools were used to analyze and interpret the data gathered in the study: 

 Mean was used to analyze the learners' pretest and posttest scores to determine the level of conceptual 

understanding before and after the implementation of the learning packet. 

 Standard Deviation was utilized to measure the variability of the learners' scores in relation to the mean 

for both the pretest and posttest results. 

 Paired Sample t-test was conducted to determine the significant difference between the learners' pretest 

and posttest scores. A significance level of 0.05 was set to decide whether the observed difference was 

statistically significant. 

RESULTS AND DISCUSSIONS 

A 30-item researcher-made pretest and posttest was administered to the learner-respondents to determine their 

conceptual understanding on the topic of typhoons, particularly its movement and its corresponding risks to 

the areas it passes through. The questions were formulated in accordance with the Most Essential Learning 

Activities for Grade 8 Science, Second Quarter, under the content typhoons. 

Table 1 shows the distribution of scores and their descriptions based on the NAT Result for Grade 6 (2012). 

The NAT result was considered a reliable reference for test scoring due to its accuracy and thorough 
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documentation. The achievement test results from both the pretest and posttest were evaluated using rating 

scales, each accompanied by an appropriate qualitative description. 

Table 1 Learner’s Conceptual Understanding of Typhoons and its Risks 

Scores 
Pretest Posttest    

Description 
ƒ               % ƒ              % 

29 –  30 0 0 3 4 Mastered (M) 

26 –  28 0 0 6 9 Closely Approximating Mastery (CAM) 

20 –  25 3 4 16 23 Moving Towards Mastery (MTM) 

12 –  19 50 72 38 54 Average (AVR) 

6 –  11 17 24 7 10 Low (L) 

3 –  5 0 0 0 0 Very Low (VL) 

0 –  2 0 0 0 0 Absolutely No Mastery (ANM) 

    70 100 70 100 Total: 70 

As shown in Table 1, none of the learner-respondents exhibited mastery of typhoon concepts in the pretest, 

whereas 4% of the respondent’s acquired mastery in the posttest. This indicates that before engaging with the 

learning packet and participating in real-time simulation activities, the learner-respondents had no prior 

mastery of typhoons. 

The data revealed that none among the learner-respondents achieved closely approximating mastery in the 

pretest, which increased to 9% in the posttest. Meanwhile, 4% of respondents were categorized as moving 

towards mastery on the pretest, which significantly improved to 23% in the posttest. On the other hand, 72% 

of the learner-respondents were classified as having average mastery in the pretest, which decreased to 54% 

in the posttest. The percentage of learner-respondents classified as having low mastery dropped from 24% in 

the pretest to 10% in the posttest. Very low and absolutely no mastery categories remained at 0% in both the 

pretest and posttest. This indicates that all learner-respondents improved their understanding to at least an 

average level or higher. 

Results of the pretest and posttest also show that in the pretest, 76% of the students demonstrated at least an 

average level of mastery or higher (Average, Moving Towards Mastery, Closely Approximating Mastery, and 

Mastery). In the posttest, this percentage increased to 90%, with more learners attaining higher mastery levels. 

This suggests that a greater number of learners gained a deeper understanding of typhoons by the time of the 

posttest. 

Furthermore, none of the learner-respondents remained in the very low (VL) or absolutely no mastery (ANM) 

categories in either the pretest or posttest, reinforcing that all learners had at least a foundational knowledge 

of typhoon concepts before assessment, which was further enhanced after the intervention. The results confirm 

that learner-respondents improved their understanding, with some reaching the highest mastery levels, while 

others moved from lower to higher performance categories. 

Additionally, the findings suggest that learner-respondents had some prior knowledge of typhoons before 

testing, as seen in the pretest results. However, their understanding deepened significantly in the posttest, as 

more learners transitioned to higher mastery levels. This aligns with studies emphasizing that effective 

instructional materials and engaging learning experiences contribute to higher academic achievement. Turner 

et al. (2018) emphasized that integrating interactive digital tools, such as online computer games, into 

educational settings fosters greater engagement, accommodates different learning preferences, and improves 

learners’ academic performance. Their findings suggest that active and dynamic learning experiences can 

enhance comprehension and support deeper understanding while Adipat et al. (2021) emphasizes the role of 

well-designed instructional materials in enhancing meaningful learning experiences. These findings imply that 
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providing learners with structured and interactive learning resources can facilitate significant improvements 

in conceptual understanding. 

Table 2 Difference of the Conceptual Understanding of the Learner-Respondents 

Implementation 
Conceptual Understanding 

Mean Difference 
t-value 

(69) 
P-value Remark 

M SD 

Before (N=70) 14.01 3.71 
-4.28 -7.49 < .001 Significant 

After (N=70) 18.29 5.28 

Note. N = 70. p < .001 is significant at the .05 level. 

Table 2 shows the comparison between the respondents' pretest and posttest scores using a paired t-test to 

determine statistical significance at α = 0.05. The mean pretest score was 14.01 (SD = 3.71), while the mean 

posttest score increased to 18.29 (SD = 5.28), reflecting a mean difference of -4.28. The calculated t-value of 

-7.49 and a p-value of < .001 indicate a statistically significant difference between the two tests. These results 

suggest that the intervention had a positive effect on the learners' conceptual understanding of typhoon-related 

concepts. The significant improvement in posttest scores demonstrates that the learners gained knowledge and 

enhanced their understanding following the intervention. 

The findings are consistent with previous research on the effectiveness of well-designed learning materials 

combined with simulations. According to Rutten et al. (2012), Blake and Scanlon (2007), Matute-Vallejo and 

Melero-Polo (2019), and Sanina et al. (2020), the use of simulations leads to substantial learning gains 

compared to traditional teaching methods. Similarly, Dardashi et al. (2015) highlighted how simulations 

introduce cognitive conflict, promoting deeper conceptual change in learners. Further, Rooney and Nyström 

(2018) emphasized that real-time simulation tools and interactive learning strategies strengthen learners’ 

ability to connect theoretical knowledge with real-world applications, According to Merchant et al. (2014), 

virtual reality-based simulations significantly improve learners’ learning outcomes and engagement learners 

better, especially within e-learning environments that align with learners’ learning preferences. 

Thus, the results of this study underscore the critical role of well-designed learning materials, particularly 

those incorporating interactive simulations, in improving learners’ understanding of typhoon movements and 

associated risks. 

CONCLUSION 

The results of the study demonstrate that the use of real-time simulations significantly improved the conceptual 

understanding of Grade 8 learners on typhoons and their associated risks. A comparison of pretest and posttest 

scores revealed notable improvement after the intervention, as confirmed by a statistically significant mean 

difference. These findings highlight the effectiveness of integrating interactive simulations into science 

instruction to promote deeper conceptual learning and engagement. Consistent with previous research, the 

study emphasizes that real-time simulations offer learners dynamic and meaningful learning experiences, 

allowing them to better connect theoretical concepts with real-world applications. Thus, the use of well-

designed learning materials supplemented with simulations is highly recommended for improving learners’ 

comprehension in science education. 

Although the findings suggest a positive impact of the intervention, the study did not include a control group, 

which limits the ability to attribute the gains exclusively to the learning packet. Future studies should consider 

employing experimental designs to isolate the effect of simulations from other influencing variables. 

It is also important to note that this study was conducted in a single private school, and detailed demographic 

data were not collected. Therefore, while the results show promise, their generalizability to broader contexts 

may be limited. 
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Future research is encouraged to explore the long-term retention of learning gains by implementing delayed 

posttests to assess the sustainability of learners’ understanding over time. Including qualitative feedback such 

as learner reflections or interviews may also provide richer insights into learners’ experiences and perceptions 

of simulation-based instruction. 
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APPENDIX 

APPENDIX A  

Summary Table of the Learning Packet 

Activity Title Learning Focus 
Simulation 

Tool Used 
Key Learning Activities 

Where Will the Typhoon Go 

Next? – Tracing Typhoon 

Movements 

WWhee 

Understanding typhoon 

formation and tracking using 

live simulation data 

Zoom Earth 

T 

rack typhoon paths by adjusting 

date/time filters; analyze changes 

in direction and speed 

Mapping for Safety: 

Understanding Community 

Hazards using Project NOAH 

Assessing local risks such as 

flooding, landslides, and 

storm surges 

Project 

NOAH 

Evaluate community 

vulnerability using hazard maps; 

identify safe zones and hazard-

prone areas 

Learning Activity 1 
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