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ABSTRACT

The research aims to evaluate the effectiveness of integrating differentiated instruction to enhance the learning
of human body systems in science among sixth-grade students. By exploring the current state of science
education, the study identifies challenges related to instructional methods and resource availability, as well as
the impact of outdated or insufficient teaching materials. It proposes solutions to bridge learning gaps and
develop more engaging science instruction strategies that enhance student understanding and performance in
elementary education. The study focuses on seamlessly integrating differentiated instruction into the lesson's
application part. By tailoring instruction to diverse learning needs, the study examines whether differentiated
instruction improves students' understanding and retention of the subject matter. An experimental research
design was used with 26 Grade 6 students receiving differentiated instruction based on multiple intelligences.
The results showed a significant improvement in the experimental group's performance after the intervention.
The post-test results yielded an average score of 87.81, considered very satisfactory. The t-value of 12.578 and
a p-value of 0.000 confirm that the difference in scores is statistically significant, indicating the effectiveness of
differentiated instruction in improving student learning outcomes. This study has important implications for
educators and school administrators, demonstrating that the integration of differentiated instruction in science
lessons effectively enhances student learning and can be used as a model for future teaching strategies.
Keywords: Differentiated Instruction, Multiple Intelligences, Human Body System, Science Proficiency,
Elementary Education.

I. INTRODUCTION

Science learning poses significant challenges for many students due to the abstract and complex nature of its
concepts, as well as the mathematical reasoning often required (Anderman & Sinatra, 2022; Byukusenge et al,,
2023). These difficulties contribute to students’ perceptions of science as a particularly daunting subject
(Rogayan et al., 2021). Consequently, many learners struggle to meet the minimum proficiency requirements,
frequently achieving scores just at the passing level, around 75% (Al-Tameemi et al., 2023). Such struggles
highlight the need for strategies to enhance student engagement and understanding in science education
(Fisher & Frey, 2021).

Globally, diminishing interest in science, particularly at the primary level, is a well-documented concern.
Research emphasizes the importance of early exposure to engaging and meaningful science experiences to
sustain interest, which often peaks before adolescence (Habig & Gupta, 2021). Effective elementary science
education should integrate hands-on activities, real-world applications, and collaborative discussions to
nurture curiosity and understanding (Main, 2023).

In the Philippines, the performance of students in science remains alarmingly low. Based on OECD data, only 7%
of Filipino students demonstrated high proficiency (Level 5 or 6), which involves applying scientific knowledge
creatively and independently in diverse and unfamiliar situations (Organisation for Economic Co-operation and
Development, 2023). Such findings underscore the urgency of addressing foundational gaps in science
education (Department of Education, 2019).

Differentiated instruction remains a debated approach in addressing diverse learning needs. Critics, such as
Tomlinson (2021), question its practicality in large, heterogeneous classrooms, particularly in resource-
constrained settings. However, it identifies that differentiated strategies, such as formative assessments and
feedback, as highly effective when implemented with precision (Stanja et al,, 2023). Thus, it also highlight its
potential to promote inclusivity, enabling educators to meet students at their individual levels and foster
personalized learning experiences (Bernacki et al., 2021). While not without challenges, differentiation offers a
pathway to enhance student engagement and achievement in science education (Hunaepi et al., 2024).
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To address the challenges in science education, a multi-faceted approach is required. Early exposure to
engaging learning experiences, paired with inquiry-based and differentiated teaching methods, can transform
how students perceive and perform in science (Habig & Gupta, 2021). Emphasizing teacher training and
resource allocation is essential, particularly in under-resourced educational systems like the (Wagner et al,,
2022). As the world increasingly demands scientific literacy and innovation, implementing these strategies is
vital to equipping learners with the skills and curiosity needed to navigate and shape their futures (Hunaepi et
al., 2024).

This study explores the potential of incorporating differentiated instructional strategies to enhance the
teaching of the human body system among sixth-grade students at Cateel Central Elementary School. Despite
the ongoing debate, this research investigates how thoughtfully designed, multimodal activities tailored to
students' varied learning preferences might influence science learning outcomes. The findings aim to contribute
to the discourse on effective strategies for improving elementary science education, particularly in contexts
where proficiency remains low.

II. METHODS

Research Design

This paper utilized an experimental research design. As a scientific research method, experimental research
involves manipulating one or more independent variables while controlling other potentially affecting factors
to observe and measure the effects on dependent variables (Hill et al., 2021).

The research study focused exclusively on an experimental group composed of Grade 6 students from Cateel
Central Elementary School. This design facilitated a thorough exploration of the effects of differentiated
instruction on enhancing learning human body system in the subject of Science. By concentrating solely on this
group, the study aimed to establish causal links between the independent variable (differentiated instruction)
and the outcomes, enhancing the validity and reliability of the findings.

One of the key strengths of experimental research is its ability to replicate studies, which reinforces the
reliability of the results. Replication involves repeating an experiment under the same conditions to verify the
original findings, thereby solidifying the empirical evidence for the observed effects (Shadish et al., 2002). This
replicability is crucial for advancing knowledge, as it ensures that findings are not merely the result of random
chance or specific to a particular sample or context.

Research Respondents

The study aimed to test the effectiveness of an intervention by working with ten (26) Grade 6 students. The
respondents included Bodily-kinesthetic intelligence is the most prevalent, demonstrated by nine students
excelling in physical activities and movement-based learning, followed by interpersonal intelligence with seven
students adept at social interactions, while verbal and logical-mathematical intelligences are equally
represented with five students each, showcasing balanced proficiency in language skills and logical reasoning..
These students were selected based on their primary | multiple intelligences identified through standardized
assessments. Random sampling within each  multiple intelligence categories ensured proportional
representation. Inclusion criteria required students to be in Grade 6 and have parental consent.

The study employed an experimental research design focused solely on the experimental group, which received
differentiated instruction as the intervention. This intervention was delivered during class our structured to
enhance learning in human body system. By systematically applying the intervention and comparing the
students' learning human body system before and after the intervention, the researcher aimed to observe the
cause-and-effect differences attributable to the intervention.

All respondents were administered pre-test and post-test questionnaires, and only those who completed both
tests were included in the final analysis. To ensure data validity, respondents who were absent during the post-
test but completed the pre-test were excluded from the analysis.

Research Locale and Duration

The study was conducted at Cateel Central Elementary School, Castro Avenue, Poblacion, Cateel, Davao Oriental
as the study area because the researcher was completing their practice teaching internship there. This
connection provided the researcher with an in-depth understanding of the school environment and allowed for
easier access to participants, which facilitated smoother data collection and engagement throughout the study.
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The intervention or data gathering from the respondents was completed in May 2024. The respondents were
given a two-week intervention consisting of five weekly sessions.
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Figure 1. Map showing Cateel Central Elementary School (CCES)
Research Instrument
In this study, the learning competency focused on explaining how the organs of each organ system work
together, coded as S6LT-Ila-b-1 in the K to 12 Science Curriculum Guide. A specialized research instrument was
developed and subjected to rigorous validation and reliability checks to evaluate this competency. Content
validity was established using Aiken's V coefficient, with expert ratings on the instrument's alignment with
learning outcomes, essentiality, and item quality, achieving a high coefficient of 0.91 (Sireci and Bond, 2014).
Reliability was assessed using Cronbach's alpha, resulting in a coefficient of 0.60 (Ahdika, 2017), indicating
acceptable consistency. These assessments underscored the instrument's robustness, confirming its ability to
accurately and consistently measure students’' understanding through pre-test and post-test evaluations. The
rigorous validation and reliability processes ensure that the instrument effectively measures the intended
learning outcomes, providing a reliable tool for assessing student progress in understanding the collaborative
functions of organ systems.
Data Collection
The data collection process for this study began with obtaining ethical clearance from the Research Ethics
Office. The researcher submitted all necessary documents, including the research proposal, questionnaires,
informed consent forms, curriculum vitae, and a list of potential risks with corresponding solutions. Once
approval was granted, the questionnaires were reviewed by three experts to ensure content validity. The
experts' feedback was analyzed, resulting in a high validity score, indicating that the questionnaires were
suitable for assessing learning competency.
Next, a pilot test was conducted at San Rafael Integrated School to test the reliability of the questionnaires. The
results were analyzed using Cronbach's alpha, which showed acceptable consistency for the tool's intended
purpose. Following this, the researcher sought permission from the School Principal of Cateel Central
Elementary School to conduct the research. Upon approval, letters were submitted to class advisers, outlining
the study objectives and requesting permission to use the research tool with students. The respondents of this
research were 24 Grade 6 students from Cateel Central Elementary School, selected through a complete
enumeration sampling technique. In this method, the entire class was chosen to participate, ensuring that all
students received the intervention as part of the study.
The data collection process involved administering pre-test questionnaires to evaluate the students' initial
performance in science. Subsequently, the respondents took a multiple intelligence test to identify their
dominant intelligence. Based on these results, the researcher conducted an intervention, providing
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differentiated instruction tailored to each student's multiple intelligences. After the intervention, post-test
questionnaires were administered to assess any improvements in performance. Finally, the post-test
questionnaires were collected, totaled, encoded, analyzed, and interpreted to draw conclusions from the study.

.iifiiiii flﬁ [/}

III. DATA ANALYSIS

Content Validity. The content validity of the tool was determined using Aiken's V coefficient. This statistical
measure reflects the degree of consensus among experts regarding the relevance of each item to the learning
objectives, its necessity, and the overall quality of the items included in the tool. In this study, the calculated
Aiken's V coefficient was 0.91, which indicated a strong level of validity. A value this high suggests that the tool
was well-aligned with the intended learning objectives and was highly relevant for assessing the participants’
knowledge and skills, as supported by the work of Sireci and Bond (2014).

Reliability. The reliability of the tool was assessed using Cronbach's alpha, a widely used measure of internal
consistency. The tool achieved a Cronbach's alpha value of 0.60 (Ahdika, 2017), indicating an acceptable
consistency for its intended use. This value indicates that the tool consistently measured what it was intended
to measure across different items and participants. The high reliability score suggests that the tool was stable
and produced dependable results, which is essential for ensuring that the data collected accurately reflects the
participants' learning achievements, as noted by Ahdika (2017).

Mean. The mean was calculated to address the first and third statements of the problem. This statistical
measure provided an average score that was then transmuted to the Department of Education (DepEd) grading
system for interpretation. The DepEd grading scale, outlined in Table 1, was used to interpret the mean scores.
The grading scale classified the scores into categories such as Outstanding (90-100), Very Satisfactory (85-89),
Satisfactory (80-84), Fairly Satisfactory (75-79), and Did Not Meet Expectations (Below 75). This conversion
allowed for a standardized interpretation of the results, making it easier to assess the participants’
performance relative to established benchmarks.
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Table 1. Kto 12 grading scale and interpretation
GRADING SCALE INTERPRETATION

90-100 Outstanding
85-89 Very Satisfactory
80 -84 Satisfactory
75-79 Fairly Satisfactory

Below 75 Did Not Meet Expectations

T-test. The T-test was utilized to analyze whether there were significant differences between the pre-test and
post-test scores of the control and experimental groups. This statistical test was crucial in addressing the
second and fourth statements of the problem. By comparing the means of the two groups before and after the
intervention, the T-test determined whether the instructional methods had a statistically significant impact on
the participants' performance. The interpretation of the T-test results was based on the p-value, as shown in
Table 2. If the p-value was less than 0.05, it indicated a significant difference between the groups, suggesting
that the intervention had a notable effect. If the p-value was 0.05 or greater, it suggested no significant
difference, indicating that the instructional methods did not have a substantial impact on the outcomes, as
described by Brianne (2018).

Table 2. Table of interpretation

p-value INTERPRETATION
Less than 0.05 There is a significant difference.
0.05 or more There is no significant difference.
IV. RESULTS

Results on Multiple Intelligence
Table 3. Summary of students’ multiple intelligences

Multiple Intelligences Frequency
Bodily-kinesthetic 9
Interpersonal 7
Verbal 5
Logical-Mathematical 5

Table 3 shows the distribution of students' multiple intelligences within the study group. The data indicates
that Bodily-kinesthetic intelligence is the most common among students, with nine out of twenty-five
demonstrating a strong proficiency in physical "activities and learning through movement. Interpersonal
intelligence follows, with seven students excelling in social interactions and understanding others' emotions.
Both Verbal and Logical-Mathematical intelligences are equally represented, with five students in each category.
This distribution highlights the diverse intellectual capabilities within the group, emphasizing the need for
teaching strategies that accommodate these varied strengths.
Level of Pre-test Scores
This section presents the respondents’ pre-test scores. The pre-test was carried out to collect data for the
learners' pre-test results for this paper. The purpose of the pre-test was not only to determine the students’
science proficiency and prior knowledge but also to ascertain their overall performance on the test. Table 4
displays the pre-test score level.

Table 4. Level of pre-test scores

Standard Grad
Score Interval Frequency Percentage ar.1 a?r Mean rade Remarks
Deviation Percentage
5 and below 8 32.00
6-10 12 48.00 Did not "
11-15 5 20.00 2.74 7.44 67.71 \é notmee
Expectations
16 and above 0 0.00
Total 25 100.0
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Table 4 presents the pre-test scores of the respondents, showcasing their initial understanding of the human
body system. The results reveal that a significant portion of the students did not meet the expected standards.
Specifically, 32% of the students scored 5 or below, and 48% scored between 6-10. No student scored above 15,
indicating a clear gap in their prior knowledge and proficiency in the subject.
Level of Post-test Scores
Following the intervention, the respondents' post-test results were ascertained. The respondents received
instruction using differentiated instruction or teaching methodology.
The findings presented in Table 5 indicate that participants' post-test scores were very satisfactory. This means
that the intervention used affects the respondents' scores and can be deemed as helpful as it is.

Table 5. Level of post-test scores

Score Standard Grade
Frequency Percentage . Mean Remarks
Interval Deviation Percentage
5 and
0 0.00
below
6-10 0 0.00 v
11-15 7 28.00 1.17 15.88 87.81 . ey
Satisfactory
16 and
18 72.00
above
Total 25 100.0

After implementing differentiated instruction, Table 5 shows a marked improvement in the students' post-test
scores. The majority, 72%, scored 16 or above, and none of the students scored below 11. The mean score
increased significantly from the pre-test mean of 7.44 to a post-test mean of 15.88. This result suggests that the
differentiated instruction effectively enhanced the students' understanding of the human body system.
Difference between Pre-test and Post-test Score

The post-test and pre-test results for the respondents were computed and compared after the intervention. The
mean comparison between the pre-test and post-test of the participants is presented in Table 6.

Based on the table, the post-test scores between the control and experimental groups differ significantly,
indicating improved learning proficiency. The results suggest a substantial difference in pre-test and post-test
scores, showing that differentiated instruction increases learners' ability to understand the human body system

in science.
Table 6. Mean comparison between pre-test and post-test scores

Standard -

Group Mean L. t-value P Interpretation
Deviation value

Pre-test 7.44 2.74

Post- h
Post-test 15.88 117 12578 0000 losttestscoresbetween the

two groups differ
significantly.

Table 6 presents a comparison between pre-test and post-test scores. The results demonstrate a substantial
improvement, with a significant increase in the mean score from 7.44 to 15.88. The standard deviation
decreased from 2.74 to 1.17, indicating more consistent performance among the students after the intervention.
The t-value of 12.578 and a p-value of 0.000 confirm that the difference in scores is statistically significant,
highlighting the effectiveness of differentiated instruction in improving student learning outcomes.

V.  DISCUSSION

The results of this study underscore the importance of incorporating diverse teaching strategies, particularly
differentiated instruction, to address the varied intelligences of students. The findings align with Howard
Gardner's theory of multiple intelligences, which posits that individuals possess different kinds of intellectual
strengths (Gardner, 2013). In this study, students with Bodily-kinesthetic and Interpersonal intelligences, the
most frequently observed with 9 and 7 students respectively, showed significant improvement in post-test
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scores when instructional methods were tailored to their strengths, while students with Verbal and Logical-
Mathematical intelligences, each represented by 5 students, also benefited from approaches aligned with their
unique abilities.

The low pre-test scores reflect challenges in science education, consistent with global reports that highlight a
learning gap in Filipino students (Clarke, 2022; Desmon, 2022). The lack of adequate resources, such as
laboratories and teaching materials, further exacerbates this issue, making it difficult for students to grasp
complex scientific concepts (Akuma and Callaghan, 2016; Sarangapani, 2018; Chala, 2019). Socioeconomic
factors also play a crucial role, with students from low-income families facing additional barriers to accessing
quality education (Bernardo, 2021; Moscoviz and Evans, 2022).

The significant improvement in post-test scores following the implementation of differentiated instruction
supports the effectiveness of this approach in enhancing student learning. Differentiated instruction aligns with
the students' dominant intelligences, facilitating a deeper understanding of the material (Anwer, 2019;
Freedman, 2015). Activities tailored to these intelligences—such as hands-on experiments for Bodily-
kinesthetic learners or collaborative tasks for Interpersonal learners—contribute to higher engagement and
better retention of knowledge (Garzon et al., 2020; Onyishi and Sefotho, 2020).

Moreover, the success of differentiated instruction in this study is consistent with findings from other research
that emphasize its ability to address diverse learning needs and improve academic outcomes (Jones, 2017;
Tank and DuPont, 2020; Olanrewaju Adebisi, 2021). By providing personalized attention and feedback,
differentiated instruction helps bridge the learning gap, particularly in resource-limited settings (Essa et al,,
2023).

In conclusion, the results of this study reinforce the value of differentiated instruction in science education. By
catering to the diverse intelligences of students, educators can create more inclusive and effective learning
environments, ultimately leading to improved academic performance and a deeper understanding of scientific
concepts.

VI. CONCLUSION

The study highlights the significant impact of differentiated instruction on students' understanding of the
human body system, emphasizing its importance in science education. Differentiated instruction, which tailors
teaching methods to meet diverse learning needs, proves to be more effective than traditional approaches, as
evidenced by the substantial improvement in post-test scores. This method not only enhances student
engagement and motivation but also addresses educational equity by providing all students, regardless of their
socioeconomic background, with the opportunity to succeed in complex subjects like science.

Based on these findings, it is recommended that schools invest in professional development for teachers to
equip them with the skills necessary to implement differentiated instruction effectively. Additionally,
integrating technology into the classroom can further support personalized learning, making lessons more
engaging and accessible. Regular assessment and feedback mechanisms should also be established to monitor
and adjust instructional strategies, ensuring they continue to meet the diverse needs of all students.

ACKNOWLEDGEMENT

Amidst the chaos of scattered notes and countless sleepless nights, my academic journey has been marked by
perseverance, growth, and deep appreciation. This achievement would not have been possible without the
unwavering support and guidance of those who urged me onward. As I close this chapter, I extend my heartfelt
thanks to my thesis adviser, Sir Remar I. Pabalay, whose insightful feedback and constructive criticism pushed
me beyond my limits and refined my ideas. I am also deeply grateful to Ma'am Joann E. Molos, Ma'am Lovelie C.
Castro, and Sir Dendo Q. Tuzon for their invaluable assistance in validating my questionnaire, significantly
enhancing the quality of my research. To the teachers and students who participated in my study, your
cooperation and willingness to share your experiences brought this research to life, elevating it beyond mere
ideas.

I would also like to acknowledge the esteemed panel, Ma’am Mary Lovely Suzzeth P. Mendez, Ma’am Leneth
Pearl S. Pingot, and Sir Bryan L. Susada, whose invaluable critiques and suggestions provided the clarity I
needed to bring this research to fruition. To my guardian and parent, thank you for your unwavering support,
patience, and pride in my accomplishments. Your love and encouragement have been my anchor through it all.
To my friend, your presence, understanding, and invaluable suggestions kept me grounded throughout this

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

(28]



TRJ ETS

e-ISSN: 2582-5208
International Research Journal of Modernization in Engineering Technology and Science
( Peer-Reviewed, Open Access, Fully Refereed International Journal )
Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WWW.irjmets.com
journey; thank you for being my pillar of strength and sanity. Above all, I offer my deepest gratitude to God for
His grace, mercy, and unwavering strength. Without His blessings and faithfulness, I would not have reached
this milestone.

VII. REFERENCES

[1] Abdi, A. W. (2020). Visual-spatial and intrapersonal intelligence: Identification its role in the learning
outcomes of students in Islamic schools. International Journal Pedagogy of Social Studies, 5(1), 112-
121.

[2] Abell, S. K., Appleton, K, and Hanuscin, D. L. (2013). Handbook of research on Science Education.
Routledge.

[3] Adams, N. E. (2015). Bloom’s taxonomy of cognitive learning objectives. Journal of the Medical Library

Association: JMLA, 103(3), 152.

[4] Aditya, D. S. (2021). Embarking digital learning due to COVID-19: Are teachers ready? Journal of
Technology and Science Education, 11(1), 104-116.

[5] Ahdika, A. (2017). Improvement of quality, interest, critical, and analytical thinking ability of students
through the application of research-based learning (RBL) in introduction to stochastic processes
subject. International Electronic Journal of Mathematics Education, 12(2), 167-191.

[6] Ahmed, S. A. (2022). Investigating the challenges encountered by EFL teachers in practicing
differentiated instruction in the multiple - intelligence classes at university. Journal of Language
Studies, 6(1), 275-292.

[7] Akuma, F. V., and Callaghan, R. (2016). Framework for reducing teaching challenges relating to
improvisation of science education equipment and materials in schools. Eurasia Journal of Mathematics
Science and Technology Education, 12(10), 2697-2717.

[8] Alalwan, N., Cheng, L., Al-Samarraie, H., Yousef, R., Ibrahim Alzahrani, A., and Sarsam, S. M. (2020).
Challenges and prospects of virtual reality and augmented reality utilization among primary school
teachers: A developing country perspective. Studies in Educational Evaluation, 66(100876), 100876.

[9] Ali, M., and Tse, A. W. C. (2023). Research trends and issues of engineering design process for STEM
education in K-12: A bibliometric analysis. International Journal of Education in Mathematics, Science
and Technology, 11(3), 695-727.

[10] Alonzo, D., Bejano, ]., and Labad, V. (2023). Alignment between teachers’ assessment practices and
principles of outcomes-based education in the context of Philippine education reform. International
Journal of Instruction, 16(1), 489-506.

[11] Al-Tameemi, R. A. N, Johnson, C, Gitay, R, Abdel-Salam, A.-S. G., Hazaa, K. A, BenSaid, A, and
Romanowski, M. H. (2023). Determinants of poor academic performance among undergraduate
students—A systematic literature review. International Journal of Educational Research Open,
4(100232),100232.

[12] Altintas, E., & Ozdemir, A. S. (2015). Evaluating a newly developed differentiation approach in terms of
student achievement and teachers’ opinions. Educational Sciences.

[13] Amplify Science. (2019). Lawrence Hall of Science University of California Berkeley. Amplify Education:
Brooklyn, NY.

[14] Anderman, E. M., & Sinatra, G. M. (2022). The challenges of teaching and learning about science in the
21st century: Exploring the abilities and constraints of adolescent learners.

[15] Anderson, J., & Taner, G. (2023). Building the expert teacher prototype: A metasummary of teacher
expertise studies in primary and secondary education. Educational Research Review, 38(100485),
100485.

[16] Archer, L., & DeWitt, ]. (2016). Understanding Young People’s Science Aspirations: How students form
ideas about ‘becoming a scientist.” Taylor & Francis.

[17] Archer, L., Moote, J., & MacLeod, E. (2020). Learning that physics is ‘not for me’: Pedagogic work and
the cultivation of habitus among advanced level physics students. Journal of the Learning Sciences,
29(3), 347-384.

[18] Armstrong, T. (2017). Multiple intelligences in the classroom (4th ed.). ASCD.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[29]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WwWw.irjmets.com

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]
[32]
[33]

[34]

[35]
[36]
[37]
[38]

[39]

[40]

Arulselvi, E. (2017). Mind Maps in Classroom Teaching and Learning. Excellence in Education Journal,
6(2), 50-65.

Ashraf, A. (2022). Effect of hands-on learning and academic achievement of kinesthetic learners in
number work in preprimary schools in Faisalabad District of Punjab province, Pakistan. Asia-Africa
Journal of Education Research, 1, 68-85.

Asmoro, S. P., Suciati, & Prayitno, B. A. (2021). Empowering scientific thinking skills of students with
different scientific activity types through guided inquiry. International Journal of Instruction, 14(1),
947-962.

Assem, H. D., Nartey, L., Appiah, E., & Aidoo, J. K. (2023). A review of students’ academic performance in
physics: Attitude, instructional methods, misconceptions and teachers qualification. European Journal
of Education and Pedagogy, 4(1), 84-92.

Astiantih, S, & Akfan, S. S. (2023). Utilizing concept maps to enhance students’ writing skills.
Undikma.Ac.Id.

Astuti, N. H. (2021). STEM-based learning analysis to improve students’ problem solving abilities in
science subject: A literature review. Journal of Innovative Science Education, 9(3), 79-86.

Baldinger, E. E., Campbell, M. P.,, & Graif, F. (2021). Learning to respond to students in discussions:
Examining the use of planted errors in an approximation of practice. Journal of Teacher Education,
72(5), 523-537.

Balgan, A., Renchin, T., & Ojgoosh, K. (2022). An experiment in applying differentiated instruction in
STEAM disciplines. Eurasian Journal of Educational Research, 98(98), 21-37.

Belmi, R. M,, & Mangali, G. R. (2020). PISA 2018 science framework vis-a-vis the Philippine Kto12
science curriculum. In M. U. Balagtas & M. C. Montealegre (Eds.), Challenges of PISA: the PNU report
100 (pp. 101-141). Philippine Normal University & Rex Institute for Student Excellence.

Benson, P. (2013). Teaching and researching: Autonomy in language learning. Routledge.

Bernacki, M. L., Greene, M. ], & Lobczowski, N. G. (2021). A systematic review of research on
personalized learning: Personalized by whom, to what, how, and for what purpose(s)? Educational
Psychology Review, 33(4), 1675-1715.

Bernardo, A. B. I, Cordel, M. O. II, Calleja, M. O., Teves, ]. M. M,, Yap, S. A,, & Chua, U. C. (2023). Profiling
low-proficiency science students in the Philippines using machine learning. Humanities & Social
Sciences Communications, 10(1), 1-12.

Berrios Aguayo, B., Arazola Ruano, C., & Pantoja Vallejo, A. (2021). Multiple intelligences: Educational
and cognitive development with a guiding focus. South African Journal of Education, 41(2), 1-10.
Bevan, B. (2017). The promise and the promises of Making in science education. Studies in Science
Education, 53(1), 75-103.

Biggs, J. (2014). Enhancing learning: A matter of style or approach? In Perspectives on Thinking,
Learning, and Cognitive Styles (1st ed., pp. 73-102). Routledge.

Binti Sepian, N. S, Arepin, M., & Hanim Rahmat, N. (2023). Investigating the benefits of task
differentiated strategies in writing: The case for mixed ability students. International Journal of
Academic Research in Business and Social Sciences, 13(11).

Blaz, D. (2022). The world language teacher’s guide to active learning: Strategies and activities for
increasing student engagement. Taylor & Francis.

Bobi, C. B, & Ahiavi, M. A. (2023). Using differentiated instruction to promote creativity, critical
thinking and learning: Perspective of teachers. Journal of Education and Practice, 7(2), 1-30.

Bondie, R. S., Dahnke, C., & Zusho, A. (2019). How does changing “one-size-fits-all” to Differentiated
Instruction affect teaching? Review of Research in Education, 43(1), 336-362.

Bransford, ]. D., Brown, A. L., & Cocking, R. R. (Eds.). (2019). How people learn: Brain, mind, experience,
and school. National Academy Press.

Bransford, J. D., Vye, N, Kinzer, C.,, & Risko, V. (2013). Teaching thinking and content knowledge:
Toward an integrated approach. In Dimensions of Thinking and Cognitive Instruction (1st ed., pp. 381-
413). Routledge.

Braun, D. & Huwer, ]. (2022). Computational literacy in science education-A systematic review.
Frontiers in Education, 7.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

(30]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WWW.irjmets.com

[41] Breakwell, G. M., Wright, D. B., & Barnett, ]. (2020). Research Methods in psychology. SAGE.

[42] Brien, E. (2020). Enhancing 21st century learning using digital learning objects and multiple
intelligence theory: A conceptual model. In Examining Multiple Intelligences and Digital Technologies
for Enhanced Learning Opportunities (pp. 19-40). IGI Global.

[43] Briones Ordéfiez, A. E. (2021). Kinesthetic learning inclusion: Turning your class into a hive of motion
activities to engage ESL learners.

[44] Brogdon, L. S. (2015). An exploration of administrators’ perceptions of elementary science: A case
study of the role of science in two elementary schools based on the interactions of administrators with
colleagues, science content and state standards (Order No. 3683355). Available from Education
Collection. (1658535424).

[45] Brokaw, J. L. (2012). Picture it: Visual-spatial teaching to improve science learning.

[46] Bromley, M. (2019). Differentiation in the classroom. SecEd, 2019(10), 21-27.

[47] Buckner, E., & Kim, P. (2014). Integrating technology and pedagogy for inquiry-based learning: The
Stanford Mobile Inquiry-based Learning Environment (SMILE). Prospects, 44(1), 99-118.

[48] Byukusenge, C., Nsanganwimana, F., & Paulo Tarmo, A. (2023). Difficult topics in the revised biology
curriculum for advanced level secondary schools in Rwanda: teachers’ perceptions of causes and
remedies. Journal of Biological Education, 57(5), 1112-1128.

[49] Campbel, S. (2020). Education and curriculum reform: The impact they have on learning. Budapest
International Research and Critics in Linguistics and Education (BirLE) Journal, 3(2), 1074-1082.

[50] Chala, A. A. (2019). Practice and challenges facing practical work implementation in natural science
subjects at secondary schools. Journal of Education and Practice.

[51] Chans, G. M., & Portuguez Castro, M. (2021). Gamification as a strategy to increase motivation and
engagement in higher education chemistry students. Computers, 10(10), 132.

[52] Chen, L., & Xiao, S. (2021). Perceptions, challenges and coping strategies of science teachers in teaching
socioscientific issues: A systematic review. Educational Research Review, 32(100377), 100377.

[53] Chen, L., Chen, P., & Lin, Z. (2020). Artificial intelligence in education: A review. leee.org.

[54] Chen, Z. (2023). The influence of school’s reward systems on students’ development. Journal of
Education, Humanities and Social Sciences, 8, 1822-1827.

[55] Chudyk, S. A. (2019). Implementation of the next generation science standards: An in-depth analysis of
science and engineering practices in the enactment of an interdisciplinary STEM unit in an eighth grade
science classroom.

[56] Clark, R. C., & Mayer, R. E. (2023). E-learning and the Science of instruction: Proven guidelines for
consumers and designers of Multimedia Learning. John Wiley & Sons.

[57] Clarke, P. (2022). Education reform and the learning crisis in developing countries. Cambridge
University Press.

[58] Cofré, H., Nufiez, P., Santibafiez, D., Pavez, ]. M., Valencia, M., & Vergara, C. (2019). A critical review of
students’ and teachers’ understandings of nature of science. Science & Education, 28(3-5), 205-248.

[59] Collins, A., Brown, J. S, & Newman, S. E. (2018). Cognitive apprenticeship: Teaching the crafts of
reading, writing, and mathematics. In Knowing, Learning, and Instruction (1st ed. pp. 453-494).
Routledge.

[60] Colomer, J., Serra, T., Cafiabate, D., & Bubnys, R. (2020). Reflective learning in higher education: Active
methodologies for transformative practices. Sustainability, 12(9), 3827.

[61] Cordon JM, Polong (2020). Behind the science literacy of Filipino students at PISA 2018: a case study in
the Philippines’ educational system. In Sci Ed ] 1(2):70-76.

[62] Corni, F., & Fuchs, H. U. (2020). Primary Physical Science for student teachers at kindergarten and
primary school levels: Part [—foundations of an imaginative approach to Physical Science. Interchange
(Toronto, Ont.: 1984), 51(3), 315-343.

[63] Coubergs, C., Struyven, K., Vanthournout, G., & Engels, N. (2017). Measuring teachers’ perceptions
about differentiated instruction: The DI-Quest instrument.

[64] Creswell, ]. W., & Creswell, ]. D. (2018). Research design: Qualitative, quantitative, and mixed methods
approach (5th ed.). SAGE Publications.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[31]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WwWw.irjmets.com

[65]

[66]

[67]
[68]

[69]

[70]
[71]

[72]
[73]

[74]

[75]
[76]
[77]
[78]
[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

Csikar, L. (2018). Decision making in the sciences: Understanding heuristic use by students in problem
solving.

Cukurova, M., Bennett, ]., & Abrahams, 1. (2018). Students’ knowledge acquisition and the ability to
apply knowledge into different science contexts in two different independent learning settings.
Research in Science & Technological Education, 36(1), 17-34.

Darling-Hammond, L. (2013). Performance-based assessment and educational equity. In transforming
curriculum for a culturally diverse society (1st ed., pp. 245-272). Routledge.

Darling-Hammond, L., & Oakes, ]. (2021). Preparing teachers for deeper learning. Harvard Education
Press.

Darling-Hammond, L. Flook, L., Cook-Harvey, C., Barron, B., & Osher, D. (2020). Implications for
educational practice of the science of learning and development. Applied Developmental Science,
24(2),97-140.

Darrow, A.-A. (2015). Differentiated instruction for students with disabilities: Using DI in the music
classroom. General Music Today, 28(2), 29-32.

Darwish, S., Alzayed, S, & Ahmed, U. (2020). How women in science can boost women’s
entrepreneurship: Review and highlights. Cloudfront.net.

Department of Education. (2019). PISA 2018: The National Report of the Philippines.

Desmon, S. (2022). Philippines readies for back-to-school with covid prevention campaign. John
Hopkin center of communication programs.

Diano, F., Jr, Kilag, 0. K. T., Malbas, M. H.,, & Abendan, C. F. K. (2023, December). Towards global
competence: Innovations in the philippine curriculum for addressing international challenges.
Researchgate.net.

Diez, J. (2022). Dialogic Scientific Gatherings: The promotion of Scientific Literacy among children.
SAGE Open, 12(4), 215824402211217.

Dixon, F. A, Yssel, N., McConnell, ]J. M., & Hardin, T. (2014). Differentiated instruction, professional
development, and teacher efficacy. Journal for the Education of the Gifted, 37(2), 111-127.

Dobber, M., Zwart, R., Tanis, M., & van Oers, B. (2017). Literature review: The role of the teacher in
inquiry-based education. Educational Research Review, 22, 194-214.

Dogu, & Maydan. (2007). Developing an interest in science: background experiences of preservice
elementary teachers. International Journal of Environmental and Science Education, 5(1), 65-84.
Doubet, K. ]., & Hockett, ]. A. (2017). Differentiation in the elementary grades: Strategies to engage and
equip all learners. ASCD.

Duke, N. K., Halvorsen, A.-L., Strachan, S. L., Kim, ]., & Konstantopoulos, S. (2021). Putting PjBL to the
test: The impact of project-based learning on second graders’ social studies and literacy learning and
motivation in low-SES school settings. American Educational Research Journal, 58(1), 160-200.

Duke, N. K, Ward, A. E., & Pearson, P. D. (2021). The science of reading comprehension instruction. The
Reading Teacher, 74(6), 663-672.

Duschl, R. A, & Bybee, R. W. (2014). Planning and carrying out investigations: An entry to learning and
to teacher professional development around NGSS science and engineering practices. International
Journal of STEM Education, 1(1), 1-9.

Eddy, L. H., Bingham, D. D., Crossley, K. L., Shahid, N. F., Ellingham-Khan, M., Otteslev, A., Figueredo, N.
S., Mon-Williams, M., & Hill, L. ]. B. (2020). The validity and reliability of observational assessment tools
available to measure fundamental movement skills in school-age children: A systematic review. PloS
One, 15(8), e0237919.

El-Sabagh, H. A. (2021). Adaptive e-learning environment based on learning styles and its impact on
development students’ engagement. International Journal of Educational Technology in Higher
Education, 18(1).

Elmesky, R. (2013). Building capacity in understanding foundational biology concepts: A K-12 learning
progression in genetics informed by research on children’s thinking and learning. Research in Science
Education, 43(3), 1155-1175.

Faber, ]. M,, Glas, C. A. W., & Visscher, A. ]. (2018). Differentiated instruction in a databased decision-
making context. School Effectiveness & School Improvement, 29(1), 43-63.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

(32]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WwWw.irjmets.com

[87]

Faisal, & Martin, S. N. (2019). Science education in Indonesia: past, present, and future. Asia-Pacific
Science Education, 5(1), 1-29.

[88] Farris, P. ]. (2024). Elementary and middle school social studies: An Interdisciplinary, Multicultural
approach, eighth edition. Waveland Press.

[89] Fischer, K. W,, Immordino-Yang, M. H., & Waber, D. P. (2018). Mind, brain, and education: The effects of
state and trait. Mind, brain, and education, 12(1), 1-8.

[90] Fisher, D., & Frey, N. (2021). Better learning through structured teaching: A framework for the gradual
release of responsibility. ASCD.

[91] Freedman, R. (2015). Enhanced possibilities for teaching and learning: A whole School approach to
incorporating multiple intelligences and differentiated instruction.

[92] Gale, ], Koval, ], Ryan, M, Usselman, M., & Wind, S. (2019). Implementing NGSS engineering
disciplinary core ideas in middle school science classrooms: Results from the field. Journal of Pre-
College Engineering Education Research (J-PEER), 9(1), 2.

[93] Gardner, H. (2013). Frequently asked questions-multiple intelligences and related educational topics.
Retrieved January, 28, 2013.

[94] Gardner, H. (2017). Frames of mind: The theory of multiple intelligences (3rd ed.). Basic Books.

[95] Gardner, H. (2017). Multiple intelligences: New horizons in theory and practice (2nd ed.). Basic Books.

[96] Gardner, H. (2019). Intelligence reframed: Multiple intelligences for the 21st century. Basic Books.

[97] Gardner, H. (2021). Frames of mind: The theory of multiple intelligences (4th ed.). Basic Books.

[98] Garzdn, ]., Kinshuk, Baldiris, S., Gutiérrez, J., & Pavén, ]. (2020). How do pedagogical approaches affect
the impact of augmented reality on education? A meta-analysis and research synthesis. Educational
Research Review, 31(100334), 100334.

[99] Geletu, G. M., & Mihirete, D. M. (2022). The effects of teachers’ professional development activities on
differentiated instructional practices and students’ learning engagements and outcomes in Oromia
Regional State, Ethiopia. International Journal of Curriculum and Instruction, 14(3), 1880-1902.

[100] Gentry, R, Sallie, A. P., & Sanders, C. A. (2013). Differentiated instructional strategies to accommodate
students with varying needs and learningstyles. Online Submission.

[101] Ginja, T. G., & Chen, X. (2020). Teacher educators’ perspectives and experiences towards differentiated
instruction. International Journal of Instruction, 13(4), 781-798.

[102] Goddard, Y. L., & Minjung K. (2018). Examining connections between teacher perceptions of
collaboration, differentiated instruction, and teacher efficacy. Teachers College Record, 120(1), 90-
103.

[103] Green,]. K. (2022). Designing hybrid spaces for learning in higher education health contexts. Postdigital
Science and Education, 4(1), 93-115.

[104] Green, K, & Towson, ]J. (2022). Using ability grouping to examine the effects of differentiated
instruction in an undergraduate course in communication sciences & disorders. Teaching and learning
in communication sciences & disorders, 6(1), Article 8.

[105] Greenspan,Y.F.(2015). A guide to teaching elementary science: Ten easy steps. Springer.\

[106] Gregory, G. H., & Chapman, C. (2012). Differentiated instructional strategies: One size doesn'’t fit all.
Corwin Press.

[107] Giindiiz, Z. E., & Unal, 1. D. (2016). Effects of multiple intelligences activities on writing skill
development in an efl context. Universal Journal of Educational Research, 4(7), 1687-1697.

[108] Habig, B., & Gupta, P. (2021). Authentic STEM research, practices of science, and interest development
in an informal science education program. International Journal of STEM Education, 8(1).

[109] Haelermans, C. (2022). The Effects of Group differentiation by students’ learning
strategies. Instructional Science, 50(2), 223-250.

[110] Harris, K, Sithole, A., & Kibirige, J. (2017). A needs assessment for the adoption of Next Generation
Science Standards (NGSS) in K-12 education in the United States. Journal of Education and Training
Studies, 5(9), 54-62.

[111] Hattie, ]. (2020). Visible learning for teachers: Maximizing impact on learning. Routledge.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[33]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WwWw.irjmets.com

[112]

Hayes, A.F. (2017). Introduction to mediation, moderation, and conditional process analysis a
regression-based approach. Guilford Press, New York. - References - Scientific Research Publishing.
(n.d.).

[113] Heacox, D. (2012). Differentiating instruction in the regular classroom: How to

[114] Higgins, ]., & Moeed, A. (2017). Fostering curiosity in science classrooms: Inquiring into practice using
cogenerative dialoguing. Eric.ed.gov.

[115] Hill, A. D, Johnson, S. G., Greco, L. M., O'Boyle, E. H., & Walter, S. L. (2021). Endogeneity: A review and
agenda for the methodology-practice divide affecting micro and macro research. Journal of
Management, 47(1), 105-143.

[116] Hmelo, C. E,, Holton, D. L., & Kolodner, J. L. (2014). Designing to learn about complex systems. In Design
Education (1st Edition, pp. 247-298). Routledge.

[117] Honigsfeld, A, & Dunn, R. (2018). High school male and female learning-style similarities and
differences in diverse nations. The Journal of Educational Research, 96(4), 195-206.

[118] Hunaepi, H,, Suma, I. K,, & Subagia, I. W. (2024). Curiosity in science learning: A systematic literature
review. International Journal of Essential Competencies in Education, 3(1), 77-105.

[119] Hutton-Prager, B. (2018). Utilizing a differentiation framework, Piagetian theories, and Bloom'’s
Taxonomy to foster experiential learning activities in chemical engineering, laboratory unit operations,
and experimental methods in chemical engineering. IntechOpen.

[120] Idrus, F., Asri, N. A. Z., & Baharom, N. N. (2021). Has differentiated Instruction gone ‘awry’ in online
teaching and learning? Journal of Language Teaching and Research, 12(3), 501-510.

[121] Immordino-Yang, M. H. (2015). Emotions, learning, and the brain: Exploring the educational
implications of affective neuroscience (the Norton series on the social neuroscience of education). W.
W. Norton & Company.

[122] Javed, M. (2023). The effectiveness of different teaching methods in education: A comprehensive
review. Journal of Social Signs Review, 1(1), 17-24.

[123] Jeffrey Nordine, Stefan Sorge, Ibrahim Delen, Robert Evans, Kalle Juuti, Jari Lavonen, Pernilla Nilsson,
Mathias Ropohl & Matthias Stadler (2021). Promoting coherent science instruction through coherent
science teacher education: A model framework for program design. Journal of Science Teacher
Education. DOI: 10.1080/1046560X.2021.1902631.

[124] Jensen, E. (2016). Brain-based learning: The new paradigm of teaching (2nd ed.). Corwin Press.

[125] Johnson, T. N., & Dabney, K. P. (2018). Voices from the field: Constraints encountered by early career
elementary science teachers. School Science and Mathematics, 118(6), 244-256.

[126] Jones, M. (2017). Differentiating instruction through multiple intelligences in a middle school
mathematics classroom.

[127] Jun, W.-H., & Lee, G. (2017). The role of ego-resiliency in the relationship between social anxiety and
problem solving ability among South Korean nursing students. Nurse Education Today, 49, 17-21.

[128] Kto 12 Curriculum Guide-Science Curriculum Guide. (2019). Department of Education.

[129] Kahu, E. R, & Nelson, K. (2018). Student engagement in the educational interface: understanding the
mechanisms of student success. Higher Education Research & Development, 37(1), 58-71.

[130] Kalogiannakis, M., Papadakis, S., & Zourmpakis, A.-I. (2021). Gamification in science education: A
systematic review of the literature. Education Sciences, 11(1), 22.

[131] Karsenty, R. (2020). Mathematical ability. In Encyclopedia of Mathematics Education (pp. 494-497).
Springer International Publishing.

[132] Karvankova, P., & Popjakova, D. (2018). How to link geography, cross-curricular approach and inquiry
in science education at the primary schools. International Journal of Science Education, 40(7), 707-
722.

[133] Kassing, G., & Jay, D. M. (2020). Dance Teaching Methods and Curriculum Design: Comprehensive K-12
dance education. Human Kinetics.

[134] Kaya, Z.,, & Kaya, 0. N. (2022). Comparison of inclusive and traditional science classrooms: middle
school students’ attitudes towards science. International Journal of Inclusive Education, 26(11), 1103-
1124. https://doi.org/10.1080/13603116.2020.1841839

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[34]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WwWw.irjmets.com

[135]

Kazmi, A. B, Kamran, M., & Siddiqui, S. (2023). The effect of teacher’s attitudes in supporting inclusive
education by catering to diverse learners. Frontiers in Education, 8.

[136] Kemala, R. (2018). Designing multiple intelligences-based instructions to improve students’ speaking
performance for aviation students. Lampung University.

[137] Kennedy, M. (2016). Parsing the practice of teaching. Journal of Teacher Education, 67(1), 6-17.

[138] Kirkendall, A., & Krishen, A. S. (2015). Encouraging creativity in the social work classroom: Insights
from a qualitative exploration. Social Work Education, 34(3), 341-354.

[139] Kolb, D. A. (2017). Experiential learning: Experience as the source of learning and development (2nd
ed.). Pearson Education.

[140] Koschmann, T. (2017). Paradigm shifts and instructional technology: An introduction. In CSCL (1st
Edition, pp. 1-23). Routledge.

[141] Krajcik, ]. (2015). Three-Dimensional Instruction.

[142] Lai, C.-P., Zhang, W., & Chang, Y.-L. (2020). Differentiated instruction enhances sixth-grade students’
mathematics self-efficacy, learning motives, and problem-solving skills. Social Behavior and
Personality, 48(6), 1-13.

[143] Laine, T. H.,, & Lindberg, R. S. N. (01 Oct.-Dec 2020). Designing engaging games for education: A
systematic literature review on game motivators and design principles. IEEE Transactions on Learning
Technologies, 13(4), 804-821.

[144] Lal, A, Ashworth, H. C,, Dada, S., Hoemeke, L., & Tambo, E. (2022). Optimizing pandemic preparedness
and response through health information systems: Lessons learned from Ebola to COVID-19. Disaster
Medicine and Public Health Preparedness, 16(1), 333-340.

[145] Lang,]. M. (2021). Small Teaching: Everyday lessons from the science of learning. John Wiley & Sons.

[146] Langelaan, B. N. Gaikhorst, L., Smets, W., & Oostdam, R. J. (2024). Differentiating instruction:
Understanding the key elements for successful teacher preparation and development. Teaching and
Teacher Education, 140(104464), 104464.

[147] Laurillard, D. (2013). Teaching as a design science: Building pedagogical patterns for learning and
technology. Routledge.

[148] Le, H, Janssen, ]., & Wubbels, T. (2018). Collaborative learning practices: teacher and student perceived
obstacles to effective student collaboration. Cambridge Journal of Education, 48(1), 103-122.

[149] Li, T, Miller, E. A., & Krajcik, J. S. (2023). Theory into practice: Supporting knowledge-in-use through
project-based learning. In Fostering Science Teaching and Learning for the Fourth Industrial
Revolution and Beyond (pp. 1-35). IGI Global.

[150] Liaw, M. J. ], Botelho, M. ]., & Lau, S. M. C. (2023). Multilingual learning inside/outside the classroom:
Insights from intra-active events. The Reading Teacher, 77(2), 199-206.

[151] Lindgren, B.-M., Lundman, B., & Graneheim, U. H. (2020). Abstraction and interpretation during the
qualitative content analysis process. International Journal of Nursing Studies, 108(103632), 103632.

[152] Liou, S.-R, Cheng, C.-Y, Chu, T.-P., Chang, C.-H., & Liu, H.-C. (2023). Effectiveness of differentiated
instruction on learning outcomes and learning satisfaction in the evidence-based nursing course:
Empirical research quantitative. Nursing Open, 10(10), 6794-6807.

[153] Loizou, M. & Lee, K. (2020). A flipped classroom model for inquiry-based learning in primary
education context. Research in Learning Technology, 28(0).

[154] Lombardi, D. (2021). The curious construct of active learning. Psychological Science in the Public
Interest, 22(1), 8-43.

[155] Lorsbach, A. W. (2008). A school district's adoption of an elementary science curriculum. Science
Educator, 17(2), 65-79. Retrieved from

[156] Lunenburg, F. C, & Isd, W. (2014). Applying multiple intelligences in the classroom: A fresh look at
teaching writing. Nationalforum.com.

[157] Maeng, ]J. L, & Bell, R. L. (2015). Differentiating Science Instruction: Secondary science teachers’
practices. International Journal of Science Education, 37(13), 2065-2090.

[158] Magableh, I. S. I, & Abdullah, A. (2020). On the effectiveness of differentiated instruction in the
enhancement of Jordanian students’ overall achievement. International Journal of Instruction, 13(2),
533-548.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[35]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WwWw.irjmets.com

[159]

[160]
[161]

[162]
[163]
[164]
[165]
[166]
[167]
[168]
[169]

[170]
[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

Maharani, R., Marsigit, M., & Wijaya, A. (2020). Collaborative learning with scientific approach and
multiple intelligence: Its impact toward math learning achievement. The Journal of Educational
Research, 113(4), 303-316.

Main, P. (2023, July 19). Hands-on learning. Structural-learning.com; Structural Learning.

Majumdar, P., Biswas, A, & Sahu, S. (2020). COVID-19 pandemic and lockdown: cause of sleep
disruption, depression, somatic pain, and increased screen exposure of office workers and students of
India. Chronobiology International, 37(8), 1191-1200.

Majumdar, S. (2015). (Re)defining experiential science education at the middle school level to make
cross-curricular connections.

Mastro, D. (2015). Why the media’s role in issues of race and ethnicity should be in the spotlight. The
Journal of Social Issues, 71(1), 1-16.

Mavuru, L., & Ramnarain, U. (2020). Learners’ socio-cultural backgrounds and science teaching and
learning: a case study of township schools in South Africa. Cultural Studies of Science Education, 15(4),
1067-1095.

Mayer, R. E. (2017). Multimedia learning (3rd ed.). Cambridge University Press.

McFadden, J. (2019). Transitions in the perpetual beta of the NGSS: One science teacher’s beliefs and
attempts for instructional change. Journal of Science Teacher Education, 30(3), 229-258.

McKenzie, W., & Wark, ]. (2017). Multiple Intelligence Survey. Surf Aquarium.

Meier, L. T. (2012). The effect of school culture on science education at an ideologically innovative
elementary magnet school: An ethnographic case study. Journal of Science Teacher Education, 23(7),
805-822.

Miller, D. I, & Halpern, D. F. (2018). The new science of cognitive sex differences. Trends in Cognitive
Sciences, 22(3), 191-197.

Miller, E., Januszyk, R., & Lee, 0. (2015). NGSS in action. Science and Children, 53(2), 64.

Miranda, J., Navarrete, C., Noguez, ]., Molina-Espinosa, J.-M., Ramirez-Montoya, M.-S., Navarro-Tuch, S.
A., Bustamante-Bello, M.-R., Rosas-Fernandez, ].-B., & Molina, A. (2021). The core components of
education 4.0 in higher education: Three case studies in engineering education. Computers & Electrical
Engineering: An International Journal, 93(107278), 107278.

Mishra, L., Gupta, T., & Shree, A. (2020). Online teaching-learning in higher education during lockdown
period of COVID-19 pandemic. International Journal of Educational Research Open, 1(100012),
100012.

Moosa, V., & Shareefa, M. (2019). The impact of teachers’ experience and qualification on efficacy,
knowledge, and implementation of differentiated instruction. International Journal of Instruction,
12(2), 587-604.

Morris, A. S., & Williamson, A. C. (2019). Building Early Social and Emotional Relationships with infants
and Toddlers: Integrating research and practice. Springer.

Murphy, L., Eduljee, N. B., & Croteau, K. (2021). Teacher-centered versus student-centered teaching:
Preferences and differences across academic majors. Journal of Effective Teaching in Higher
Education, 4(1), 18-39. https://doi.org/10.36021/jethe.v4i1.156

National Academies of Sciences, Engineering, and Medicine, Division of Behavioral and Social Sciences
and Education, Board on Science Education, Policy and Global Affairs, Board on Higher Education and
Workforce, & Committee on Understanding the Changing Structure of the Ka-"12 Teacher Workforce.
(2020). Changing expectations for the K-12 Teacher Workforce: Policies, Preservice Education,
Professional Development, and the workplace. National Academies Press.

Neumann, P. E.,, & Neumann, E. E. (2021). General histological woes: Definition and classification of
tissues. Clinical Anatomy (New York, N.Y.), 34(5), 794-801.

Nicol, D. (2014). From monologue to dialogue: improving written feedback processes in mass higher
education. In Approaches to Assessment that Enhance Learning in Higher Education (1st Edition, pp.
11-27). Routledge.

Nollmeyer, G. E., Morrison, ], & Baldwin, K. A. (2019). Barriers to authentic science inquiry in the
elementary classroom. Educational Research: Theory and Practice, 30(1), 1-6.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[36]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WwWw.irjmets.com

[180]

Ogunkola & Samuel, D. (2011). Science teachers’ and students’ perceived difficult topics in the
integrated science curriculum of lower secondary schools in Barbados. World Journal of Education,
1(2).

[181] Olanrewaju Adebisi, R. (2024). Equality and diversity in learning through differentiated instructions.
KnE Social Sciences, 75-86.

[182] Oliveira, G., Grenha Teixeira, ]., Torres, A., & Morais, C. (2021). An exploratory study on the emergency
remote education experience of higher education students and teachers during the COVID-19
pandemic. British Journal of Educational Technology: Journal of the Council for Educational
Technology, 52(4), 1357-1376.

[183] Onyishi, C. N., & Sefotho, M. M. (2020). Teachers’ perspectives on the use of differentiated instruction in
inclusive classrooms: Implication for teacher education. International Journal of Higher Education,
9(6), 136-150.

[184] Organisation for Economic Co-operation and Development. (2023, December 5). PISA 2022 Results:
Factsheets Philippines. Oecd.org.

[185] Organisation for Economic Co-Operation and Development. 2019. PISA 2023 Results (Vol I): What
Students Know and Can Do. Paris:OECD Publishing. Available online:

[186] Osborne, J. (2013). The 21st century challenge for science education: Assessing scientific reasoning.
Thinking Skills and Creativity, 10, 265-279.

[187] Pak, K, Polikoff, M. S., Desimone, L. M., & Saldivar Garcia, E. (2020). The adaptive challenges of
curriculum implementation: Insights for educational leaders driving standards-based reform. AERA
Open, 6(2), 233285842093282.

[188] Parker, W. C. (2015). Social Studies today: Research and practice. Routledge.

[189] Perez, K. (2014). The new inclusion: Differentiated strategies to engage ALL students. Teachers College
Press.

[190] Pramesworo, I. S., Sembiring, D., Sarip, M., Lolang, E., & Fathurrochman, I. (2023). Identification of new
approaches to information technology-Based Teaching for successful teaching of Millennial Generation
entering 21st century education. JURNAL IQRA, 8(1), 350-370.

[191] Pryor, B. W, Pryor, C. R, & Kang, R. (2016). Teachers’ thoughts on integrating stem into social studies
instruction: Beliefs, attitudes, and behavioral decisions. The Journal of Social Studies Research, 40(2),
123-136.

[192] Rafiq, A. A, Triyono, M. B., & Djatmiko, I. W. (2023). The integration of inquiry and problem-based
learning and its impact on increasing the vocational student involvement. International Journal of
Instruction, 16(1), 659-684.

[193] Rais, N, Ved, A, Shadab, M., Ahmad, R., & Shahid, M. (2023). Taurine, a non-proteinous essential amino
acid for human body systems: an overview. Arab Gulf Journal of Scientific Research, 41(1), 48-66.

[194] Ramli, B. (2018). The influence of professional teachers on Padang vocational school students’
achievement. Kasetsart Journal of Social Sciences, 39(1), 67-72.

[195] Rapanta, C,, Botturi, L., Goodyear, P., Guardia, L., & Koole, M. (2020). Online university teaching during
and after the covid-19 crisis: Refocusing teacher presence and learning activity. Postdigital Science and
Education, 2(3), 923-945.

[196] Ratner, A. R, & Kolman, J. S. (2016). Breakers, benders, and obeyers: Inquiring into teacher educators’
mediation of edTPA. Education Policy Analysis Archives, 24(35).

[197] reach and teach all learners (Updated anniversary edition). Free Spirit Publishing.

[198] Reiser, B. ]. (2017). Designing coherent storylines aligned with NGSS for the K-12 classroom. In
National Science Education Leadership Association Meeting. Boston, MA.

[199] Robertson, A. D., & Atkins Elliott, L. ]. (2020). Truth, success, and faith: Novice teachers’ perceptions of
what’s at risk in responsive teaching in science. Science Education, 104(4), 736-761.

[200] Roehrig, G. H., Moore, T. ], Wang, H.-H., & Park, M. S. (2012). Is adding the E enough? Investigating the
impact of K-12 engineering standards on the implementation of STEM integration. School Science and
Mathematics, 112(1), 31-44.

[201] Rogayan, D. V., Jr, Rafanan, R. ]. L., & De Guzman, C. Y. (2021). Challenges in STEM learning: A case of
Filipino high school students. Jurnal Penelitian Dan Pembelajaran IPA, 7(2), 232.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[37]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WwWw.irjmets.com

[202]

Roy, A, Guay, F., & Valois, P. (2013). Teaching to address diverse learning needs: development and
validation of a Differentiated Instruction Scale. International Journal of Inclusive Education, 17(11),
1186-1204.

[203] Russell, T, & Martin, A. K. (2023). Learning to teach science. In Handbook of Research on Science
Education (1st Edition, pp. 1162-1196). Routledge.

[204] Safitri, F,, Rusdiana, D., & Setiawan, W. (2023). Gardner’s multiple intelligences in science learning: A
literature review. COMPUTATIONAL INTELLIGENCE AND NETWORK SECURITY, 2619, 100014.

[205] Samad, S., & Setyabudhi, A. L. (2023). Application of video-based learning media with applications to
improve learning activities of vocational high school students. Technical and Vocational Education
International Journal (TAVEI]), 3(1), 22-27.

[206] Sanger, C. S.,, & Gleason, N. W. (Eds.). (2020). Diversity and inclusion in global higher education:
Lessons from across Asia. Springer Singapore.

[207] Sanusi, I. T, Oyelere, S. S., & Omidiora, J. 0. (2022). Exploring teachers’ preconceptions of teaching
machine learning in high school: A preliminary insight from Africa. Computers and Education Open,
3(100072),100072.

[208] Sapan, M., & Mede, E. (2022). The Effects of Differentiated Instruction (DI) on Achievement, Motivation,
and Autonomy among Science Learners. Iranian Journal of Language Teaching Research, 10(1), 127-
144.

[209] Schnarr, K. (2016). Differentiated learning and bodily-kinesthetic intelligence: Connecting theory and
instruction to encourage movement in the elementary classroom.

[210] Serici, S. & Bond, M. (2014). Validity evidence based on test content. Psicothema.London

[211] Settlage, J., & Southerland, S. (2012). Teaching science to every child (2nd Edition). Routledge.

[212] Shadish, W. R,, Cook, T. D., & Campbell, D. T. (2002). Experimental and quasi-experimental designs for
generalized causal inference. Houghton Mifflin.

[213] Smit, R, & Humpert, W. (2012). Differentiated instruction in small schools. Teaching and Teacher
Education, 28(8), 1152-1162.

[214] Stanja, ], Gritz, W., Krugel, ]., Hoppe, A., & Dannemann, S. (2023). Formative assessment strategies for
students’ conceptions—The potential of learning analytics. British Journal of Educational Technology:
Journal of the Council for Educational Technology, 54(1), 58-75.

[215] Sternberg, R. ], & Grigorenko, E. L. (2020). Intelligence and culture: How culture shapes what
intelligence means, and the implications for a science of well-being. Philosophical Transactions of the
Royal Society B: Biological Sciences, 359(1449), 1427-1434.

[216] Stohlmann, M., Moore, T., & Roehrig, G. (2012). Considerations for teaching integrated STEM education.
Journal of Pre-College Engineering Education Research, 2(1), 28-34.

[217] Strobel, K. (2023, May 26). Differentiated instruction: Strategies and examples for the classroom.
Strobel Education.

[218] Stronge, ]. H. (2018). Qualities of Effective Teachers. ASCD.

[219] Stuckey, M., Hofstein, A.,, Mamlok-Naaman, R., & Eilks, [. (2013). The meaning of ‘relevance’ in science
education and its implications for the science curriculum. Studies in Science Education, 49(1), 1-34.

[220] Suhadi, S., Soegiyanto, S., Rahman, H. A., & Sulaiman, S. (2020). Evaluation of the bodily-kinesthetic
intelligence model in Physical Education Teaching in Indonesia primary school. Jurnal Cakrawala
Pendidikan, 39(2), 471-479. https://doi.org/10.21831/cp.v39i2.29542

[221] Sumardani, D. (2021). Philippines: Strength and weakness of science curricula. Sci Educ ], 5(2), 99-106.

[222] Suprapto, P. K,, Bin Ahmad, M. Z., Chaidir, D. M., Ardiansyah, R., & Diella, D. (2018). Spatial intelligence
and students’ achievement to support creativity on visuospatial-based learning. Jurnal Pendidikan IPA
Indonesia, 7(2), 224-231.

[223] Suprayogi, M. N., Valcke, M., & Godwin, R. (2017). Teachers and their implementation of differentiated
instruction in the classroom. Teaching and Teacher Education, 67, 291-301.

[224] Swanson, |. A, Ficarra, L. R, & Chapin, D. (2020). Strategies to strengthen differentiation within the
common core era: drawing on the expertise from those in the field. Preventing School Failure:
Alternative Education for Children and Youth, 64(2), 116-127.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

(38]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WwWw.irjmets.com

[225]

Sweller, J., & Chandler, P. (1994). Why some material is difficult to learn. Cognition and Instruction,
12(3), 185-233.

[226] Sweller, ]., Ayres, P., & Kalyuga, S. (2019). Cognitive load theory. Springer.

[227] Tafti, M. A. (2014, January 3). Acknowledging the Difference: Lessons from Differentiated Instruction,
Multiple Intelligences, and Visual-Spatial Learning Theories for Students With Learning Disabilities.
Researchgate.net.

[228] Tang, T., Vezzani, V., & Eriksson, V. (2020). Developing critical thinking, collective creativity skills and
problem solving through playful design jams. Thinking Skills and Creativity, 37(100696), 100696.
https://doi.org/10.1016/j.tsc.2020.100696

[229] Tang, X, Elby, A, & Hammer, D. (2020). The tension between pattern-seeking and mechanistic
reasoning in explanation construction: A case from Chinese elementary science classroom. Science
Education, 104(6), 1071-1099.

[230] Tank, KM, DuPont, M, Estapa, AT. Analysis of elements that support implementation of high-quality
engineering design within the elementary classroom. School Science and Mathematics. 2020; 120: 379-
390.

[231] Taylor, B. K. (2015). Content, process, and product: Modeling differentiated instruction. Kappa Delta Pi
Record, 51(1), 13-17.

[232] Tomlinson, C. A. (2017). How to differentiate instruction in academically diverse classrooms. ASCD.

[233] Tomlinson, Carol A. & Moon, T. R. (2001). Assessment and Student Success in a Differentiated
Classroom. ASCD.

[234] Tomlinson, Carol Ann, & Imbeau, M. B. (2023). Leading and managing a Differentiated Classroom.
ASCD.

[235] Treagust, D. F. (2013). General Instructional Methods and Strategies. In Handbook of Research on
Science Education (1st Edition, pp. 373-391). Routledge.

[236] Trochim, W. M. K,, & Donnelly, ]J. P. (2016). The research methods knowledge base (4th ed.). Atomic
Dog Publishing.

[237] Tyler, B, Britton, T., Nilsen, K., Iveland, A., & Nguyen, K. (2019). Investing in science teacher leadership:
Strategies and impacts in the NGSS Early Implementers Initiative. San Francisco, CA: WestEd.

[238] Tyler, R. W. (2013). Basic principles of curriculum and instruction. University of Chicago Press.

[239] Tytler, R. (2014). Attitudes, identity, and aspirations toward Science. In Handbook of Research on
Science Education, Volume II (1st Edition, pp. 82-103). Routledge.

[240] UNESCO. (2020). Education: From school closure to recovery. COVID-19 Recovery.

[241] Utomo, C.,, & Wasino, W. (2020). An integrated teaching tolerance in learning history of Indonesian
national movement at higher education. Journal of Social Studies Education Research, 11(3), 65-108.

[242] Valiandes, S. (2015). Evaluating the impact of differentiated instruction on literacy and reading in
mixed ability classrooms: Quality and equity dimensions of education effectiveness. Studies in
Educational Evaluation, 45, 17-26.

[243] van Hoek, R. (2020). Research opportunities for a more resilient post-COVID-19 supply chain - closing
the gap between research findings and industry practice. International Journal of Operations &
Production Management, 40(4), 341-355.

[244] Van Le, H, Nguyen, T. A. D, Le, D. H. N,, Nguyen, P. U, & Nguyen, T. T. A. (2024). Unveiling critical
reading strategies and challenges: a mixed-methods study among English major students in a
Vietnamese higher education institution. Cogent Education, 11(1).

[245] Wagner, D. A, Castillo, N. M., & Lewis, S. (2022). Learning, marginalization, and improving the quality of
education in low-income countries. Open Book.

[246] Wale, B. D., & Bishaw, K. S. (2020). Effects of using inquiry-based learning on EFL students’ critical
thinking skills. Asian-Pacific Journal of Second and Foreign Language Education, 5(1).

[247] Wan, S. W.-Y. (2017). Differentiated instruction: are Hong Kong in-service teachers ready? Teachers &
Teaching, 23(3), 284-311.

[248] Wani, M. A, & Sheikh, T. A. (2023). Impact of Insurgency on women empowerment in Kashmir. The
Journal of Research Administration, 5(2).

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[39]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WWW.irjmets.com

[249] Warren-Powell, C. R. (2017). Investigating how teachers’ dominant multiple intelligence influences
implementation of differentiated instruction in secondary science.

[250] Watts-Taffe, S., Laster, B. P., Broach, L., Marinak, B., McDonald Connor, C., & Walker Dalhouse, D. (2012).
Differentiated instruction: Making informed teacher decisions. The Reading Teacher, 66(4), 303-314.

[251] we need. In The Educational Forum (Vol. 77, No. 2, pp. 225-232). Taylor & Francis Group.

[252] Wilson, S. Schweingruber, H., & Nielson, N. (2016). Science teachers’ learning: Enhancing
opportunities, creating supportive contexts. National Academies Press.

[253] Wolstenholme, H., Kelly, C., Hennessy, M., & Heary, C. (2020). Childhood fussy/picky eating behaviours:
a systematic review and synthesis of qualitative studies. The International Journal of Behavioral
Nutrition and Physical Activity, 17(1).

[254] Wong, Z. Y., & Liem, G. A. D. (2022). Student engagement: Current state of the construct, conceptual
refinement, and future research directions. Educational Psychology Review, 34(1), 107-138.

[255] Wood, E. A. (2013). Play, learning and the early childhood curriculum. SAGE Publications.

[256] Wu, Y.-T., & Wang, L.-J. (2016). Research trends in technology-enhanced knowledge building
pedagogies: a review of selected empirical research from 2006 to 2015. Journal of Computers in
Education, 3(3), 353-375.

[257] Xie, X, Siauy, K., & Nah, F. F.-H. (2020). COVID-19 pandemic - online education in the new normal and
the next normal. Journal of Information Technology Case and Application Research, 22(3), 175-187.

[258] Yachou, Y., Samson, 0. & Lasvergnas, O. (2024). Prospective comparative study on enhancing
geometrical mental representation and anatomical learning in medical students through modeling clay
as an assessment tool. Anatomical Sciences Education.

[259] Yadav, P., Gupta, N., & Sharma, P. K. (2023). A comprehensive study towards high-level approaches for
weapon detection using classical machine learning and deep learning methods. Expert Systems with
Applications, 212(118698), 118698.

[260] Yerizon, Y., & Putra, A. A. (Eds.). (2018). The effect of various learning approaches on mathematical
learning outcomes based on the multiple intelligences of students. Athens Institute for Education and
Research (ATINER).

[261] Young, S.]. (2021). A case study of teachers of elementary gifted students and their perceptions of best
practices for teaching visual spatial activities in the classroom.

[262] Zea, E., Valez-Balderas, M., & Uribe-Quevedo, A. (2021). Serious games and multiple intelligences for
customized learning: A discussion. In Recent Advances in Technologies for Inclusive Well-Being (pp.
177-189). Springer International Publishing.

[263] Zhang, L. Basham, ]. D., & Lowrey, K. A. (2020). Foundations for reinventing the global education
system: Personalized learning supported through Universal Design for learning. In Advances in Early
Childhood and K-12 Education (pp. 146-163). IGI Global.

[264] Zinger, D., Sandholtz, J. H, & Ringstaff, C. (2020). Teaching science in rural elementary schools:
Affordances and constraints in the age of NGSS. The Rural Educator, 41(2), 14-30.

[265] Zohar, A, & Barzilai, S. (2013). A review of research on metacognition in science education: current and
future directions. Studies in Science Education, 49(2), 121-169.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[40]



