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Abstract: This study examined the effectiveness of the Active Science Through Responsible AI (ASTRA) Model in enhancing 

Grade 11 students’ conceptual mastery and responsible use of artificial intelligence in science learning. The model addresses the 

growing misuse of AI tools as shortcuts by promoting critical and ethical engagement through five cyclical phases: Assess, 

Search, Triangulate, Reflect, and Apply. Anchored on Piaget’s Cognitive Constructivism and Vygotsky’s Social Constructivism, 

ASTRA integrates Responsible AI Use (RAIU) as the core driver of cognitive and social learning. Using an action research 

design, the study involved 26 Grade 11 students from J.V. Ferriols National High School during the first semester of SY 2025–

2026. Data were gathered through diagnostic tests, pre- and post-assessments, formative tasks, and an RAIU survey, analyzed 

using Repeated Measures ANOVA, T-Test, Correlation, and Regression. Results revealed significant improvements in Cognitive 

and Social Constructive Learning, with RAIU emerging as a strong predictor of learning outcomes. The study concludes that 

ASTRA effectively fosters critical thinking, collaboration, and ethical AI use in science education. It is recommended that the 

model be integrated into the curriculum and supported through teacher training and institutional initiatives for responsible AI-

enhanced learning. 
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Introduction and Literature Review 

Context and Rationale 

In today’s classrooms, we have observed how many Grade 11 Senior High School learners misuse artificial 

intelligence tools by relying on them as shortcuts rather than as supports for deeper learning. Instead of fostering 

curiosity and critical thinking, these technologies are often used merely to generate ready-made answers, which 

students copy without reflection or comprehension. This practice leads to shallow understanding and prevents learners 

from truly mastering essential scientific concepts that are crucial for their academic and future success. If left 

unaddressed, this growing dependency threatens to weaken students’ problem-solving skills and their ability to think 

independently. Therefore, it is urgent and necessary to conduct this study to ensure that AI integration in education 

truly empowers learners to engage actively and meaningfully with science. 

 

Action Research Questions 

This study aims to determine the effectiveness of the Active Science Through Responsible AI (ASTRA) Model in 

enhancing Grade 11 students’ science learning through responsible and meaningful integration of artificial intelligence 

tools. Specifically, it seeks to answer the following questions: 

1. To what extent does the implementation of the ASTRA Model lead to a statistically significant improvement 

in students’ science learning performance from pre-test to post-test in terms of:  
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1.1. Cognitive Constructive Learning? 

1.2. Social Constructive Learning? 

2. Is there a statistically significant difference in learning gains between students exposed to Cognitive 

Constructivist Learning (CCLG) and those exposed to Social Constructivist Learning (SCLG) under the 

ASTRA Model? 

3. Does the implementation of the ASTRA Model result in a statistically significant improvement in students’ 

Science Assessment (SA) scores from the diagnostic phase to the formative phase? 

4. To what extent can Science Formative Assessment (SFA) be predicted by Cognitive Constructivist Learning 

Post-test (CCL Post) and Social Constructivist Learning Post-test (SCL Post) scores? 

5. What is the level of Responsible AI Use (RAIU) among Grade 11 science students in utilizing the ASTRA 

Model during science learning activities? 

6. Is there a statistically significant correlation among the core components of the ASTRA Model—Assess, 

Search, Triangulate, Reflect, and Apply? 

7. To what extent can Responsible AI Use (RAIU) serve as a predictor of Cognitive Constructive Learning 

(CCL Post), Social Constructive Learning (SCL Post), and Science Formative Assessment (SFA)? 

 

Proposed Innovation, Intervention, and Strategy 

The proposed innovation of this study is the Active Science Through Responsible AI (ASTRA) Model, a pedagogical 

framework designed to enhance scientific learning and responsible technology use among Grade 11 students. ASTRA 

is grounded on the principle that artificial intelligence (AI) tools should not replace learners’ thinking but should 

instead augment it, guiding students to construct meaning actively and collaboratively (Muzakki et al., 2025). The 

model integrates Responsible AI Use as a catalyst for fostering both Cognitive Constructivist Learning (Guo et al., 

2024) and Social Constructivist Learning (Richter et al., 2024), enabling students to become reflective, ethical, and 

independent learners in the digital age. 

 

The ASTRA Model was developed to address the growing misuse of AI tools in classrooms, where learners often rely 

on automated outputs without reflection or comprehension. Through structured and purposeful engagement, ASTRA 

aims to transform AI use from a shortcut into a scaffold for deeper understanding and inquiry-based learning. It aligns 

with John Piaget’s (1952) theory of Cognitive Constructivism, which emphasizes that learners build knowledge 

through active mental engagement, and Lev Vygotsky’s (1978) Social Constructivism, which underscores learning 

through collaboration, dialogue, and shared meaning-making. 

 

Process of the ASTRA Model: 

The ASTRA Model follows a structured five-phase process that guides students in using AI tools responsibly and 

productively during science instruction. Each phase develops both cognitive and social dimensions of learning, 

ensuring that AI integration promotes 4Cs of the 21st century: Critical Thinking, Collaboration, Creativity, and 

Communication. 
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1. Assess (5 Minutes) 

In this phase, students perform a brief self-assessment or pre-test to activate prior knowledge and uncover 

misconceptions. This aligns with Piaget’s Cognitive Constructivism (1952), emphasizing schema activation 

and readiness for new learning. By reflecting on what they know, learners build a foundation for deeper 

conceptual engagement. 

 

2. Search (5 Minutes) 

Students use AI tools and credible sources to gather information, guided by Responsible AI principles to 

ensure ethical and critical evaluation of data. This stage promotes Cognitive Constructivism, developing 

critical thinking and discernment. It also encourages Social Constructivism as learners discuss and compare 

AI outputs with peers. 

 

3. Triangulate (15 Minutes) 

Learners will create a concept map guided by a rubrics, and validate information by comparing AI outputs, 

textbooks, teacher guidance, and peer insights. This mirrors scientific inquiry and supports Vygotsky’s Social 

Constructivism (1978) through collaborative reasoning within the Zone of Proximal Development. It 

strengthens understanding through evidence-based and socially mediated learning. 

 

4. Reflect (5 Minutes) 

Students synthesize and evaluate their learning by journaling, mapping concepts, or group reflection. This 

embodies Cognitive Constructivism’s metacognitive aspect, helping learners reorganize and internalize new 

knowledge. Shared reflection also aligns with Social Constructivism, fostering collective meaning-making. 

 

5. Apply (20 Minutes) 

Learners will have a group work where they apply their understanding through presentations using AI as a 

supportive tool. This phase reflects Social Constructivism, where learning is demonstrated and negotiated 

collaboratively. It bridges theory and practice, reinforcing comprehension and responsibility for learning 

outcomes. 

 

The Cyclical and Star-Shaped Nature of the ASTRA Model: 

Unlike traditional instructional models that follow a strictly linear sequence, the ASTRA Model is circular in nature 

and represented by a star-shaped framework which symbolizes the dynamic, interconnected, and recurring processes 

of scientific learning. Each of the five points of the star corresponds to one of the core phases: Assess, Search, 

Triangulate, Reflect, and Apply, which are not meant to occur only once or in a fixed order. Instead, learners may 

enter the cycle at any phase and continuously move between them as understanding deepens and new questions 

emerge. 
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Figure 1 

Active Science Through Responsible AI (ASTRA) Model 

 

The star shape signifies how each process radiates toward the others, illustrating that learning through responsible AI 

use is interactive, iterative, and integrative (3Is). For instance: the Reflect phase may lead back to a new Assess stage 

as students recognize new gaps in understanding. Also, during Apply, students may need to Search again for 

supporting information or Triangulate new evidence. Moreover, continuous reflection and collaboration keep the 

learning cycle active, ensuring that knowledge construction is never static. 

 

This circular structure aligns with the constructivist principle that learning is an ongoing process of building, testing, 

and reconstructing knowledge (Piaget, 1952). It also reflects Vygotsky’s (1978) idea that social interaction and 

dialogue continuously reshape individual understanding within the Zone of Proximal Development (ZPD).  

In this design, Responsible AI Use (RAIU) serves as the core center of the star, embodying the ethical and cognitive 

anchor that connects all learning processes. From the center, RAIU extends outward to each point of the star, 

energizing and guiding every phase. This placement reinforces that AI tools are not external add-ons but integral 

supports for active, reflective, and socially grounded learning. 

 

Action Research Conceptual Framework 

The ASTRA (Active Science Through Responsible AI) framework rests on three foundational linkages, each 

supported by relevant literature. These linkages inform how we position Responsible AI Use (RAIU), Constructivist 

Learning (Cognitive & Social), and Science Achievement in our model.  

 

As shown in Figure 2 (ASTRA Conceptual Framework Simplified), the model operates through a dynamic and 

recursive process anchored on Constructivist Learning Theories, specifically Piaget’s (1952) Cognitive 

Constructivism and Vygotsky’s (1978) Social Constructivism. These theories collectively emphasize that learners 

actively construct meaning through individual inquiry and social collaboration. 
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Figure 2 

ASTRA Conceptual Framework (Simplified) 

 

 

 

Cognitive & Social Constructivist Learning. The ASTRA model draws on Cognitive Constructivism (Piaget) and 

Social Constructivism (Vygotsky) as the philosophical and pedagogical bases of knowledge-building. Constructivist 

theory posits that learners actively construct knowledge by integrating new information into their existing mental 

structures (assimilation/accommodation) and through social interaction and scaffolding (Devries, 2004). 

 

In particular, constructivist environments emphasize interaction, reflection, collaboration, and negotiation of 

meaning, features essential to ASTRA’s triangulate, reflect, and apply phases. Research has shown that 

constructivist learning environments enhance motivation, strategy use, and deeper learning outcomes (Do et al., 

2023). Additionally, Constructivist Approach of Evaluation Strategies in Science Education argues that evaluations 

aligned with constructivist learning should emphasize reasoning, explanation, and conceptual change rather than rote 

recall (Iofciu et al., 2012). Thus, in ASTRA, Cognitive Constructive Learning (CCL) represents the internal, 

individual meaning-making and reasoning processes, while Social Constructive Learning (SCL) represents the co-

construction, negotiation, and interaction with peers (or AI as “scaffold”) to refine ideas. 

 

Constructivist Learning towards Science Achievement. A key assumption of ASTRA is that improvements in 

CCL and SCL will translate into better Science Achievement (or performance on assessments). This aligns with 

research showing that constructivist teaching and assessment approaches correlate with deeper understanding and 

improved science learning. 

 

For example, The Effect of Using the Constructivist Learning Model in Teaching Science on the Achievement and 

Scientific Thinking found that constructivist-based instruction improved scientific thinking and content mastery in 

science classes (Qarareh, 2016). Constructivist theorists argue that assessment should be integrated with learning, 

offering feedback, opportunities for reflection, and tasks that require explanation and application rather than mere 

recalling of facts (Kumar, 2025). In ASTRA, the phases of reflect and apply intentionally bridge students’ reasoning 

and collaboration to performance tasks and post-tests, thus linking learning processes to assessment outcomes. 
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Responsible AI Use towards Constructivist Learning & Science Achievement. The novelty of ASTRA lies in 

embedding a Responsible AI Use (RAIU) component as a driver of deeper learning. RAIU is conceptualized as 

ethically, critically, and thoughtfully interacting with AI tools rather than passively consuming AI outputs. 

 

Recent work in AI and education supports this direction. The systematic review Fostering Responsible AI Literacy 

maps K-12 AI ethics education and emphasizes that learners should be guided to question, evaluate, and 

contextualize AI outputs rather than treat them as authoritative (Ma et al., 2025). Moreover, Responsible AI in 

Education: Understanding Teachers’ Priorities explores educators’ values (e.g. transparency, fairness) and how 

these inform responsible integration of AI in learning environments (Yin et al., 2025). 

 

In higher education, studies like Evaluating AI-Powered Learning Assistants show that students’ perceptions about 

AI ethics, trust, and usage patterns influence whether AI supports or undermines learning outcomes (Sajja et al., 

2025). The landscape review Navigating the Ethical Terrain of AI in Education underscores the need for 

frameworks that guide responsible AI to support educational values (e.g., equity, agency, feedback) (Fu & Weng, 

2024). Figure 3 presents the expanded version of the ASTRA (Active Science Through Responsible AI) Framework, 

which illustrates in greater detail how the variables interact throughout the implementation of the intervention. This 

version extends the simplified conceptual framework by highlighting where and how specific learning processes 

occur within the five core phases of the ASTRA Model: Assess, Search, Triangulate, Reflect, and Apply. 

 

The framework further illustrates that both Cognitive and Social Constructive Learning Gains contribute to the 

improvement of Science Achievement, representing the dependent variable of the study. The double-headed arrows 

between CCLG and SCLG indicate their mutual reinforcement, cognition deepens through collaboration, and 

collaboration becomes meaningful through critical thinking. Thus, ASTRA posits that Responsible AI Use will 

enhance both Cognitive and Social Constructivist Learning (by promoting reflective inquiry, evaluation, and 

discourse) and thereby contribute to Science Achievement Gains. This expanded framework provides a clearer 

visualization of where each variable operates and interacts during the ASTRA intervention, demonstrating how 

Responsible AI Use drives both cognitive and social learning processes that lead to measurable gains in science 

achievement. 

 

Action Research Paradigm 

The action research paradigm follows the Input–Process–Output (IPO) framework illustrating how the ASTRA 

Model (Active Science Through Responsible AI) enhances students’ constructivist learning and science 

achievement. The Input phase includes the ASTRA Model as the main intervention, CCL and SCL Pre-Tests to 

assess baseline knowledge, Science Diagnostic Assessment, and Responsible AI Use (RAIU). 
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Figure 3 

ASTRA Conceptual Framework (Expanded) 

 

 

 

The Process involves the five cyclical stages of the ASTRA Phases—Assess, Search, Triangulate, Reflect, and 

Apply—anchored on Piaget’s (1952) cognitive and Vygotsky’s (1978) social constructivism. These stages promote 

active knowledge construction, critical thinking, collaboration, and ethical AI use throughout the intervention. The 

Output presents the Cognitive Constructive Learning Gain (CCLG), Social Constructive Learning Gain (SCLG), and 

Science Achievement Gain (SAG) reflecting improved understanding, collaboration, and responsible engagement 

with AI tools. This paradigm highlights the dynamic and interconnected nature of the ASTRA Model as a cyclical 

framework promoting meaningful, responsible, and constructivist science learning. 
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Figure 4 

ASTRA IPO Paradigm 

 

Action Research Methods 

Participant and Source of Data 

The participants of this study consisted of all Grade 11 Senior High School students from Section A at J.V. Ferriols 

National High School, who were enrolled during the first semester of the academic year 2025–2026. A census 

sampling technique was employed, involving all 26 students in the class to ensure a comprehensive evaluation of the 

Active Science Through Responsible AI (ASTRA) Model without sampling bias. The sample size was considered 

appropriate within the context of classroom-based action research, where the unit of analysis was naturally bounded 

to a single intact class. The study prioritized depth of intervention implementation and ecological validity over 

statistical generalizability. The primary sources of data were derived from multiple research instruments, including a 

Diagnostic Assessment, Cognitive Constructive Learning (CCL) Performance Tasks with rubrics, Social 

Constructive Learning (SCL) Performance Tasks with rubrics, Formative Assessments, and a Responsible AI Use 

(RAIU) Survey. These instruments were designed to measure students’ conceptual mastery, constructivist learning 

competencies, and ethical engagement with AI tools. Full versions of these instruments were provided in 

Appendices C–G. 

Research Instruments 

This study utilized a set of researcher-developed and adapted instruments to capture both cognitive and behavioral 

dimensions of learning. The Diagnostic Assessment consisted of 15 multiple-choice items designed to measure 

students’ prior knowledge of key scientific concepts in Genetic Engineering. The items were constructed based on 

the Most Essential Learning Competencies (MELCs) and were aligned with Bloom’s Taxonomy, targeting both 

lower- and higher-order thinking skills. 
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The Cognitive Constructive Learning (CCL) Rubric-Based Assessment assessed students’ conceptual understanding, 

knowledge construction, and ability to apply scientific concepts. The rubric consisted of five criteria rated on a four-

point scale (1–Needs Improvement, 2–Fair, 3–Good, 4–Excellent). This instrument was grounded in constructivist 

learning theory, particularly the principles of active knowledge construction and cognitive engagement. The Social 

Constructive Learning (SCL) Rubric-Based Assessment evaluated students’ collaborative learning, communication, 

and participation in group-based scientific tasks. The rubric included five criteria rated on a four-point scale (1–

Needs Improvement, 2–Fair, 3–Good, 4–Excellent), measuring dimensions such as interaction, shared 

understanding, and co-construction of knowledge. This instrument was anchored in social constructivist theory, 

particularly Vygotsky’s principles on social interaction and learning. 

 

The Formative Assessments were administered periodically during the intervention and consisted of 15 multiple-

choice items designed to monitor learning progress and provide immediate instructional feedback. The Responsible 

AI Use (RAIU) Survey consisted of four Likert-scale items using a four-point scale (1 = Strongly Disagree to 4 = 

Strongly Agree). The instrument measured students’ awareness, attitudes, and behaviors related to ethical AI use, 

including transparency, accountability, and responsible engagement with AI tools. The survey was aligned with 

foundational AI ethics principles integrated within the ASTRA Model. 

 

All instruments were either researcher-made or adapted based on established theoretical frameworks, including 

constructivist learning theory (Piaget), social constructivism (Vygotsky), and ethical AI use principles. The 

development process involved systematic item construction aligned with learning competencies and intended 

constructs. To establish content validity, the instruments were evaluated by three experts: one Science education 

specialist, one educational research expert, and one ICT/AI integration specialist. Each expert assessed the 

instruments based on clarity, relevance, alignment with objectives, and appropriateness for Grade 11 learners using a 

validation checklist. Feedback from the experts was consolidated, and necessary revisions were made to improve 

item clarity, alignment, and construct representation. 

 

A pilot test was conducted with 30 Grade 11 students from J.V. Ferriols National High School who were not part of 

the actual participants. The pilot testing aimed to evaluate item clarity, difficulty level, and internal consistency. The 

results indicated that the instruments were clear, appropriate, and suitable for the target learners, leading to minor 

revisions prior to full implementation. 

 

Reliability analysis using Cronbach’s alpha yielded a coefficient of 0.87 for the RAIU Survey, indicating high 

internal consistency. For the rubric-based assessments (CCL and SCL), reliability was established through inter-rater 

agreement, where two independent raters evaluated a subset of student outputs, yielding an agreement rate of 91%, 

which indicated acceptable scoring consistency. 
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During pilot testing, item analysis was conducted to evaluate clarity, difficulty, and discrimination of test items. The 

results indicated that most items were of appropriate difficulty and were able to distinguish between varying levels 

of student performance. Items identified as unclear or potentially ambiguous were revised to improve wording and 

alignment with learning objectives. No items were removed after revision, as all were deemed suitable for final 

implementation.  

 

Scoring procedures were established as follows: Diagnostic and Formative Assessments were scored based on the 

number of correct responses, with higher scores indicating greater conceptual mastery. CCL and SCL performance 

tasks were evaluated using rubric scores with a total possible score ranging from 5 to 20. The total scores were 

interpreted as follows: 5–8 (Needs Improvement), 9–12 (Fair), 13–16 (Good), and 17–20 (Excellent). RAIU Survey 

responses were averaged and interpreted as follows: 1.00–1.75 (Strongly Disagree), 1.76–2.50 (Disagree), 2.51–3.25 

(Agree), and 3.26–4.00 (Strongly Agree). 

 

Ethical Guidelines 

This study adhered to established ethical standards in educational research. Since the institution does not maintain a 

formal Institutional Review Board (IRB), approval to conduct the study was secured from the school principal and 

school administration prior to implementation. All procedures followed institutional research guidelines, including 

the acquisition of informed consent from both students and their parents or guardians, ensuring voluntary 

participation and the right to withdraw at any time without academic penalty. Confidentiality and anonymity of 

participants were strictly maintained throughout the study. All collected data—including assessments, surveys, and 

student outputs—were handled in compliance with the Data Privacy Act of 2012 (Republic Act No. 10173) and 

stored in password-protected digital files accessible only to the research team. Furthermore, ethical use of artificial 

intelligence was emphasized throughout the intervention, promoting transparency, accountability, and responsible 

engagement consistent with ethical AI principles. 

 

Data Gathering Methods 

Prior to data collection, formal approval was obtained from the school principal. An orientation session was 

conducted to inform participants about the study’s objectives, procedures, and ethical considerations. The data 

collection process began with the administration of the Diagnostic Assessment to establish baseline knowledge. This 

was followed by the administration of the CCL Pre-Test and SCL Pre-Test to determine initial levels of cognitive 

and social constructivist learning competencies. All instruments underwent verification and validation by experts 

prior to implementation. 

 

During the implementation of the ASTRA Model, formative assessments were conducted periodically to monitor 

student progress and guide instructional adjustments. After the intervention, the CCL Post-Test and SCL Post-Test 

were administered to measure learning gains. Finally, the Responsible AI Use (RAIU) Survey was distributed to 

evaluate students’ awareness and practices regarding ethical AI use. 
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Data Analysis Plan 

Data were analyzed using JASP statistical software with a significance level set at 0.05. Descriptive statistics, 

including mean and standard deviation, were used to determine students’ levels of Responsible AI Use (RAIU). 

Paired sample t-tests were conducted to compare pre-test and post-test scores in science assessments, determining 

the effectiveness of the ASTRA Model in improving conceptual mastery. Repeated Measures ANOVA was 

employed to examine changes in Cognitive Constructive Learning (CCL) and Social Constructive Learning (SCL) 

over time and to compare the relative effects of the two learning dimensions. Pearson product-moment correlation 

analysis was used to explore relationships among CCL, SCL, and RAIU variables. Furthermore, multiple regression 

analysis was conducted to determine whether CCL Post-Test scores, SCL Post-Test scores, and RAIU levels 

significantly predicted students’ science learning outcomes. 

Results and Discussions 

This section presents the statistical analyses conducted to determine the effectiveness of the Active Science Through 

Responsible AI (ASTRA) Model in enhancing Grade 11 students’ science learning. The results are organized 

according to the specific research questions, focusing on the students’ performance in Cognitive Constructive 

Learning (CCL), Social Constructive Learning (SCL), Science Assessment (SFA), and Responsible AI Use (RAIU). 

 

Improvement in Students’ Science Learning 

Cognitive Constructive Learning 

Table 1 explains the improvement of Cognitive Constructive Learning of students using ASTRA Intervention. 

 

Table 1 

CCL Repeated Measures ANOVA Results 

 

Cases Sum of Squares df Mean Square F p 

Sessions 674.3ᵃ 4ᵃ 168.576ᵃ 67.07ᵃ < .001ᵃ 

Residuals 251.3 100 2.513   

 

Table 1 depicts the repeated measures ANOVA of students' CCL scores across the ASTRA sessions. The associated 

effect was significant, F(4, 100) = 67.07, p < .001, indicating that over time, there was a significant increase in 

students' cognitive engagement and knowledge construction. Furthermore, the large effect size confirms that 56% of 

the variance in CCL scores is contributed by the ASTRA intervention. 
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The finding also agrees with Piaget's Cognitive Constructivism of 1952, which puts forward the view that actively, 

learners construct knowledge through assimilation and accommodation. It furthers Do et al. (2023), who showed 

that constructivist learning environments enhance reasoning and strategy use, and Qarareh (2016), who found that 

constructivist-based science instruction enhances scientific thinking and achievement. The strength of this finding 

underlines ASTRA's capacity to operationalize principles of constructivism effectively, thereby yielding higher 

cognitive learning gains than is usually reported in conventional instruction. 

 

Table 2 

CCL Post Hoc Comparisons - Sessions 

 

  Mean Difference SE df t pbonf  

Pre Test Plants -0.436 0.570 25 -0.765 1.000 

  Animals -2.795 0.372 25 -7.517 < .001 

  AnD -3.782 0.297 25 -12.719 < .001 

  Post Test -6.215 0.294 25 -21.120 < .001 

Plants Animals -2.359 0.463 25 -5.096 < .001 

  AnD -3.347 0.557 25 -6.006 < .001 

  Post Test -5.779 0.579 25 -9.983 < .001 

Animals AnD -0.988 0.344 25 -2.874 .081 

  Post Test -3.420 0.414 25 -8.268 < .001 

AnD Post Test -2.432 0.383 25 -6.354 < .001 

Note.  P-value adjusted for comparing a family of 10 estimates. 

 

Bonferroni-adjusted post hoc comparisons of students' scores on Cognitive Constructive Learning across ASTRA 

sessions are shown in Table 2. Significant gains were present between almost all pairs of sessions, especially from 

pre-test to Animals, AnD, to post-test sessions (all ps < .001), most strongly between pre-test and post-test sessions 

with the largest mean difference (Mdiff = -6.215, p < .001). These results imply consistent and progressive 

improvement in students' performance at the cognitive level during the treatment. 

 

This is in line with Piaget's (1952) principle that cognitive development takes place through continuous restructuring 

of knowledge and corroborates Devries (2004) and Qarareh (2016), who reported that constructivist learning 

environments facilitate iterative conceptual development and scientific reasoning. Furthermore, Do et al. (2023) 

established that reflective, constructivist activities enhance deep learning, supporting the sustained development 
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which took place throughout ASTRA's successive stages. The sustained significance of CCL gains underscores 

strengths of the model for fostering enduring cognitive engagement rather than short-term recall. 

 

These findings imply that the integration of Responsible AI Use within a constructivist pedagogy significantly 

enhances the conceptual understanding and reflective reasoning of students in science. Embedding iterative 

reflection and AI-supported inquiry within the ASTRA Model enables cumulative cognitive gains to be achieved, 

which highlights the importance of maintaining structured progression across sessions to reinforce assimilation and 

accommodation cycles. Further studies can investigate how the intensity and type of AI-mediated scaffolds 

influence various dimensions and rates of cognitive development over longer learning phases. 

 

Figure 5 

Cognitive Constructive Learning Post Hoc 

 

 

Figure 5 presents the steady increase in the CCL scores of the students from the pre-test to the post-test for the 

ASTRA Model. Most of the students consistently improve through each session, with scores getting higher and 

closer together at the post-test. This visual trend supports the fact that, over time, the ASTRA Model effectively 

enhanced the cognitive understanding and learning progression of the students. 

 

Social Constructive Learning 

Table 3 explains the improvement of Social Constructive Learning of students using ASTRA Intervention. 

 

Table 3 

SCL Repeated Measures ANOVA Results 

 

Cases Sum of Squares df Mean Square F p 

Sessions 939.1 4 234.772 218.6 < .001 

Residuals 107.4 100 1.074   

Note.  Type III Sum of Squares 
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This result is in line with Lev Vygotsky's Social Constructivism, which states that knowledge is built by interaction, 

scaffolding, and dialogue in collaborative settings. Recent meta-analyses support this interpretation; for instance, 

cooperative and collaborative learning in science education has been shown to produce large positive effects (g ≈ 

1.07) on student achievement and engagement (Yaşar et al., 2024). Furthermore, a 2023 study on the co-construction 

of knowledge and socio-emotional interaction in pre-service teacher education showed that a social constructivist 

design engenders deeper engagement in collaborative tasks (Lehtinen et al., 2023). The size of the effect from this 

intervention thus suggests that it not only aligns with prior evidence but may indeed be larger than that typically 

reported in collaborative-learning research. 

 

Table 4 

SCL Post Hoc Comparisons – Sessions 

 

  Mean Difference SE df t pbonf  

Pre Test Plants -3.002 0.400 25 -7.512 < .001 

  Animals -3.248 0.331 25 -9.824 < .001 

  AnD -4.068 0.296 25 -13.745 < .001 

  Post Test -8.348 0.119 25 -70.237 < .001 

Plants Animals -0.246 0.391 25 -0.630 1.000 

  AnD -1.066 0.334 25 -3.188 .038 

  Post Test -5.346 0.323 25 -16.543 < .001 

Animals AnD -0.820 0.059 25 -13.790 < .001 

  Post Test -5.100 0.224 25 -22.806 < .001 

AnD Post Test -4.280 0.181 25 -23.597 < .001 

Note.  P-value adjusted for comparing a family of 10 estimates. 

 

The Bonferroni‐adjusted pairwise comparisons of the SCL scores of the students across the ASTRA Model sessions, 

as presented in Table 4, indicate an increase from pre-test to Plants, Animals, Advantages & Disadvantages, and 

post‐test sessions (all p < .001) and the largest mean difference between pre-test and post-test sessions (Mdiff = -

8.348, p < .001). Continuous observed gains between the intermediate sessions, such as from Plants → Post-Test or 

Advantages & Disadvantages → Post-Test, point to the sustained improvement in the students' collaborative and 

interactive learning behaviours throughout the intervention. 
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These results confirm that ASTRA substantially strengthened the social constructive learning dimension of the 

cohort over time. This pattern of enhanced social constructivist interaction coheres with the theory of Lev Vygotsky 

that posits knowledge is co-constructed through peer and scaffolded dialogue, negotiation, and meaning‐making 

rather than passively acquired. Recent meta-analytic evidence concerning collaborative and cooperative learning in 

science and STEM contexts provides robust positive effects, such as g ≈ 1.07 concerning cooperative learning in 

science education, on student engagement and achievement (Yaşar et al., 2024). The magnitude and consistency of 

the SCL gains in this study therefore not only replicate but arguably exceed typical outcomes from standard peer-

interaction frameworks.  

 

In practical terms, these results suggest that embedding structured, socially interactive phases—such as joint inquiry, 

peer negotiation, and collaborative reflection—within the ASTRA Model can substantially enhance students’ social 

constructive learning behaviors in science. Educators are encouraged to design sessions that emphasize the 

“triangulate” and “reflect” phases as opportunities for scaffolded peer discourse, negotiation, and co-construction of 

ideas through AI-mediated tools. Future research may investigate how variations in AI-mediated peer scaffolding, 

group composition, or timing of social prompts influence the trajectory and sustainability of social constructive 

learning gains. 

 

Figure 6 

Social Constructive Learning Post Hoc 

 

 

 

Figure 6 depicts a consistent upward trend in the students' SCL scores from pre-test to post-test through the 

implementation of the ASTRA Model. The upward pattern in all sessions indicates that students showed progressive 

development in collaboration, discussion, and shared problem-solving. This visual evidence supports that the 

ASTRA Model indeed strengthened the students' social engagement in cooperative learning over time. 
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Significant Differences between CCL and SCL 

Table 5 discusses the results of significant differences between CCLG and SCLG under ASTRA Intervention. 

 

Table 5 

Repeated Measures ANOVA between CCL Gain and SCL Gain 

 

  Mean Difference SE df t pholm  

CCLG SCLG -2.134 0.323 25 -6.604 < .001 

 

Comparisons of learning gains between students exposed to the CCL and SCL under the ASTRA Model are shown 

in Table 5. The results revealed a significant difference, t(25) = -6.60, p<.001, that SCL produced higher learning 

gains than CCL. From this result, it is inferred that collaborative and interactive learning processes effectively 

contributed much more to conceptual understanding and performance in science learning. 

 

This outcome corroborates Vygotsky's Social Constructivism from 1978, articulating that knowledge is cosocially 

constructed through social interaction and scaffolding. Similarly, the works of Do et al. (2023) and Iofciu et al. 

(2012) showed that constructivist environments that embed collaboration and reflection lead to deeper learning and 

achievement. The stronger effect of SCL seen herein emphasizes the potential for the ASTRA Model to improve 

learning outcomes due to socially mediated engagement with the support of AI facilitation in a responsible way. 

 

In other words, these results highlight the importance of embedding ASTRA into a scaffold of peer interaction and 

reflective discourse. By facilitating equal participation and critical assessment, RAIU enhances the social learning 

processes and cognitive reasoning within the ASTRA framework. Further research could be done to investigate how 

responsible AI-mediated collaboration may best optimize both social and cognitive constructivist benefits in various 

science learning contexts. 

 

Improvement in Students’ Science Assessment 

The following discusses the results of improvement of Science Diagnostic Assessment (SDA) and Science 

Formative Assessment (SFA) using ASTRA Intervention. 

 

Table 6 

Paired Samples T-Test between SDA and SFA  

 

Measure 1  Measure 2 t df p 

SDA - SFA -9.228 25 < .001 
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Table 6 presents the comparison of students' SA scores before and after the implementation of the ASTRA Model. 

The paired-samples t-test revealed a significant increase, t(25) = -9.23, p < .001, meaning that students performed 

significantly better in the formative assessment than during the diagnostic phase. It gives evidence that the ASTRA 

Model significantly enhanced the science learning outcomes throughout time. 

 

This result supports Piaget's theory of Cognitive Constructivism (1952) that states learning advances by means of 

active assimilation and accommodation of new experiences. Also, Qarareh (2016) found that the constructivist-

based instruction significantly enhances scientific thinking and conceptual mastery, while Kumar (2025) pointed out 

that reflective and application-driven assessments lead to deeper understanding. Thus, this improvement confirms 

that recursive ASTRA learning phases in particular (Reflect and Apply) succeed in effective consolidations of 

knowledge and translation of learning processes into measurable achievement. 

 

These findings confirm that the ASTRA Model is a valid pedagogical intervention to reinforce science 

comprehension through iterative learning cycles. The embedding of RAIU in those cycles likely enabled reflective 

inquiry and feedback, further solidifying knowledge retention and performance. Indeed, future studies could expand 

this investigation to include long-term retention and transfer of learning in various science domains under 

responsible AI-supported constructivist conditions. 

 

Figure 7 

SDA-SFA Descriptive Plots               

 

Figure 8 

SDA-SFA Rainclouds Plots 
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The above descriptive and raincloud plot illustrates a clear increase in students' Science Assessment (SA) scores 

from the diagnostic to the formative phase. Most of the data points show upward movement, reflecting consistent 

improvement across participants. The distribution also shifted higher and became less variable, suggesting the 

ASTRA Model effectively enhanced students' performance and consistency of learning. 

 

Prediction of CCL Post and SCL Post towards SFA 

Table 7 discusses the predictive analysis of CCL Post and SCL Post towards SFA. 

 

Table 7 

Combined Regression Analysis on the Significant Influence of RAIU on CCL Post, SCL Post, and SFA 

 

Predictor 
Standard 

Coefficient Beta 
R R² p Decision on Ho Interpretation 

CCL Post 0.459 
.995 .990 

<0.001 Reject Ho Significant 

SCL Post 0.158 <0.001 Reject Ho Significant 

 

The results of the regression analysis that evaluate the predictive relationship between Cognitive Constructivist 

Learning Post-test (CCL Post), Social Constructivist Learning Post-test (SCL Post), and Science Formative 

Assessment are shown in Table 7. The overall model was statistically significant, F(2, 1151) = 1151, p <.001, with a 

strong coefficient of determination, R² =.990, which means that 99.0% of the variance in SFA was explained by the 

two predictors. These results indicate both the aspects of CCL and SCL are significant contributors towards science 

performance; however, CCL shows a stronger influence. 

 

This is therefore in line with Piaget's and Vygotsky's constructivist perspectives of 1952 and 1978, respectively, 

which assert that cognitive restructuring and social interaction together enhance conceptual understanding and 

problem-solving. On their part, Devries' study of 2004 and Qarareh's study of 2016 further reiterate that 

constructivist-based approaches allow for better reasoning and scientific performance. The stronger predictive effect 

of CCL may suggest that when individual internalization and reflective reasoning are further supported through 

social learning processes, they are associated with higher performance outcomes within the ASTRA model. 

 

Practically, these findings support the view that cognitive and social constructivist gains are essential in bringing 

about improvement in science achievement within the ASTRA framework. The embedding of RAIU probably 

enhanced these effects by promoting reflective thinking and enhancing cooperation in inquiry and assessment 

phases. Further studies can be done by examining how different levels of AI-mediated scaffolding affect the 

contribution of both cognitive and social learning to science performance. 
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Level of Responsible AI Use of Grade 11 Students 

Table 8 discusses the level of Responsible AI Use of Grade 11 student on utilizing ASTRA intervention. 

 

Table 8 

RAIU Descriptive Statistics  

 

  Mean Std. Deviation Interpretation 

Assess 3.183 0.391 High 

Search 3.308 0.396 Very High 

Triangulate 3.192 0.449 High 

Reflect 3.173 0.484 High 

Apply 2.990 0.545 High 

 3.169 0.453 High 

 

Table 8 presents the descriptive analysis for Grade 11 students' level of RAIU when engaging in the ASTRA Model. 

The overall mean score was high, with M = 3.169 and SD = 0.453, indicating that the students generally conducted 

ethical and reflective engagement with AI tools during the science learning activities. Of the dimensions, the highest 

rating was given to the dimension "Search" with a mean of 3.308, while the lowest rated dimension was "Apply" 

with a mean of 2.990, which implies that while the information retrieval was responsibly conducted, further 

enhancement is needed in integrating the outputs of AI into application tasks. 

 

These results are in line with the arguments of Ma et al. (2025), who claimed that responsible AI literacy deals with 

students' ability to critically assess and contextualize AI-generated information, rather than merely passively receive 

it. Similarly, Yin et al. (2025) and Fu & Weng (2024) found responsible AI engagement to enhance ethical 

awareness, autonomy, and cognitive discernment of learners in digital spaces. The current findings support the 

reflective use of AI, as provided by the ASTRA Model, and demonstrate that systematic scaffolding during the 

"Search" and "Reflect" stages effectively promotes appropriate and intentional use of AI tools. 

 

These findings, in application, provide important emphasis on incorporating explicit guides on responsible AI use as 

part of science learning frameworks. Strengthening the "Apply" phase through scaffolded feedback and 

collaborative problem-solving may enhance the transfer ability of AI-assisted insights into practical, inquiry-based 

tasks by students. Future studies could investigate how deeper engagement with Responsible AI Use influences 

students' critical thinking, self-regulation, and long-term learning outcomes in a constructivist science environment. 
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Relationship between ASTRA Components 

Table 9 discusses the correlation between Assess, Search, Triangulate, Reflect, and Apply as a manner of a 

Responsible AI Use.  

 

Table 9 

ASTRA Components Pearson Correlation  

 

      r p 

Decision on Ho 

@ 0.05 level of 

significance 

Interpretation 

Assess - Search 0.463 .017 Reject Ho 
There is a significant moderate 

correlation 

Search - Triangulate 0.512 .007 Reject Ho 
There is a significant moderate 

correlation 

Triangulate - Reflect 0.405 .040 Reject Ho 
There is a significant moderate 

correlation 

Reflect - Apply 0.462 .018 Reject Ho 
There is a significant moderate 

correlation 

Apply - Assess 0.443 .024 Reject Ho 
There is a significant moderate 

correlation 
   

 

The correlation matrix in Table 9 shows the relationships between the five components—Assess, Search, 

Triangulate, Reflect, and Apply—of the ASTRA Model as indicators of Responsible AI Use. The Pearson’s r results 

showed moderate, positive, and statistically significant correlations between all component pairs (r = .405–.512, p < 

.05), reflecting that each phase is interconnected and inter-supportive. These findings suggest that effective RAIU is 

achieved through continuous and integrated functioning of all ASTRA components during science learning. 

 

This supports the conceptualization of Responsible AI Use as a recursive and reflective process in which critical 

evaluation, triangulation of information, and ethical application are conducted in a cyclical manner (Ma et al., 2025; 

Fu & Weng, 2024). Likewise, Yin et al. (2025) stressed that the development of responsible AI engagement can be 

supported by scaffolding students' interactions through different stages of an inquiry process from information 

assessment to application. Therefore, the interrelatedness of the ASTRA components serves its theoretical 

underpinnings rooted in constructivist learning, where iterations of reflection and social negotiations enhance 

cognitive understanding (Piaget, 1952; Vygotsky, 1978). 

 

These results also indicate, practically, that RAIU cannot be developed in isolation; it must be systematically 

integrated throughout all learning phases. Deepening the connections among "Triangulate," "Reflect," and "Apply" 

can further enhance critical evaluation and ethical reasoning involving the use of AI tools. Future studies might 
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address how fine-tuning these transitions between phases using AI-mediated scaffolding impacts students' long-term 

responsible use and science attainment. 

 

Figure 9 

ASTRA Component Correlation Heat Map 

 

The heat map in Figure 9 shows the correlations between the different components of ASTRA: Assess, Search, 

Triangulate, Reflect, and Apply. Darker shades are indicative of stronger relations, with the strongest between 

Search and Reflect, at r = 0.704, which is strong and positive. Overall, most components show moderate 

correlations, suggesting that responsible AI behaviors across the ASTRA dimensions are related to each other and 

have a tendency to develop together. 

 

Prediction of RAIU towards CCL Post, SCL Post, and SFA 

Table 10 discusses the predictive analysis of RAIU towards CCL Post, SCL Post, and SFA. 

 

Table 10 

Combined Regression Analysis on the Significant Influence of RAIU on CCL Post, SCL Post, and SFA 

 

Predictor 
Standard 

Coefficient Beta 
R R² p Decision on Ho Interpretation 

CCL Post 0.825 .992 .984 <0.001 Reject Ho Significant 

SCL Post 3.301 .994 .989 <0.001 Reject Ho Significant 

SFA 0.898 .993 .986 <0.001 Reject Ho Significant 
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Table 10 presents the results of the regression analysis using RAIU as a predictor of CCL Post, SCL Post, and SFA. 

It showed that RAIU significantly predicted all three learning outcomes, namely: CCL Post, with β = 0.825 and R² = 

.984; SCL Post, with β = 3.301 and R² = .989; and SFA, with β = 0.898 and R² = .986, all at p < .001. The findings 

suggest that responsible engagement in using AI tools has a strong positive impact on both cognitive and social 

constructivist learning and on science achievement. 

 

This result supports the ASTRA Model's central assumption that Responsible AI Use engenders deeper learning 

through reflective inquiry and ethical interaction with AI systems. Consistent with Ma et al. (2025) and Yin et al. 

(2025), the results showed that when learners critically assess and contextualize AI outputs, cognitive engagement 

and collaborative learning outcomes are increased. The stronger predictive power of RAIU on SCL indicates that 

ethical and dialogic use of AI fosters meaningful social construction of knowledge, congruent with Vygotsky's view 

of learning as socially mediated. 

 

This implies that Responsible AI Use serves the dual transformative function of enhancing the growth in individual 

reasoning and collective building of knowledge. Embedding structured AI literacy and reflective evaluation 

activities within the ASTRA model could provide positive results for students' scientific understanding and 

performance. Future studies may also explore the ways in which differentiated levels of AI autonomy and feedback 

mechanisms further mediate the relationship between RAIU and constructivist learning gains. 

Conclusion 

These findings constitute strong empirical evidence that the ASTRA Model effectively enhances Grade 11 students' 

science learning across cognitive, social, and assessment dimensions. The repeated measures ANOVA and post hoc 

analyses revealed significant and progressive improvements in both CCL and SCL, with SCL demonstrating higher 

gains. These findings establish that the integration of RAIU within constructivist pedagogy fosters individual 

knowledge construction and collaborative meaning-making. The significant difference between CCL and SCL gains 

points to the fact that socially mediated, AI-supported interactions are important in deepening students' conceptual 

understanding and engagement in the processes of science learning. 

 

Moreover, the paired samples t-test and regression analyses confirmed that the ASTRA Model significantly 

enhanced students' SFA scores and that RAIU was a strong predictor of learning outcomes in CCL Post, SCL Post, 

and SFA. Exceptionally high coefficients of determination (R² = .984–.989) show that responsible, reflective 

engagement with AI tools is a major contributor to learning success. These underpin the ASTRA Model's theoretical 

anchors in both Piaget's Cognitive Constructivism and Vygotsky's Social Constructivism by confirming that such a 

model can operationalize the processes of assimilation, accommodation, scaffolding, and co-construction through 

structured AI-mediated inquiry. All these results together validate that ethical and purposeful integration of AI 

amplifies cognitive reasoning and collaborative interaction while significantly enhancing students' science 

comprehension and performance. 
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In sum, the study concludes that the ASTRA Model works as a robust, theory-driven framework to foster 

Responsible AI Use as a catalyst for meaningful learning. The positive intercorrelations among its components 

(Assess, Search, Triangulate, Reflect, and Apply) illustrate that effective AI integration in education requires 

recursive reflection and interlinked learning phases. This would, quite practically, suggest that science educators 

should consider the use of AI-powered constructivist models designed on ethical engagement, reflective evaluation, 

and collaborative problem-solving. Further research can explore how different AI levels of scaffolding, feedback 

mechanisms, and contextual applications of RAIU might optimize long-term learning outcomes and foster 

responsible digital citizenship in science education. 

Limitations of the Study 

This study has several limitations that should be considered when interpreting the findings and their applicability. 

First, the study utilized a relatively small sample size of 26 Grade 11 students from a single section at J.V. Ferriols 

National High School. While the census sampling approach ensured complete inclusion of the target group, the 

limited sample size may constrain the statistical power of the analyses and limit the robustness of generalizations 

beyond the study context. Second, the findings are context-specific, as the intervention was implemented only 

within a Grade 11 Science class focusing on Genetic Engineering. Therefore, the results may not be fully 

generalizable to other grade levels, subject areas, or educational institutions with different curricular structures or 

learner demographics. 

 

Furthermore, there are potential limitations in the measurement instruments used. Although the tools underwent 

validation, pilot testing, and reliability analysis, self-reported data from the Responsible AI Use (RAIU) survey may 

still be subject to response bias. In addition, performance-based assessments using rubrics may involve a degree of 

subjectivity despite established inter-rater agreement. Fourth, the study did not control for certain external or 

learner-specific variables that may have influenced outcomes, such as students’ prior familiarity with artificial 

intelligence tools, digital literacy levels, motivation, or access to technology outside the classroom. These factors 

may have contributed to variations in learning gains but were not directly measured within the scope of the study. 

 

While the ASTRA Model demonstrated significant effects on Cognitive Constructive Learning, Social Constructive 

Learning, and Science Assessment outcomes, the study did not examine long-term retention or delayed effects of the 

intervention. Future research may consider longitudinal designs to determine the sustainability of these learning 

gains over time. These limitations suggest several directions for future research, including the need for larger and 

more diverse samples across multiple institutions to improve generalizability, stronger validation and refinement of 

measurement instruments, and the inclusion of additional variables such as prior AI familiarity, digital literacy, and 

learner motivation. Future studies may also employ longitudinal and mixed-method designs to further examine the 

sustained impact of the ASTRA Model. 
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Recommendations 

Based on the study’s findings, the Department of Education could consider the study’s recommendation that the 

integration of the ASTRA model across science curricula be institutionalized to further ensure that students practice 

Responsible AI Use and engage in constructivist learning. The J.V. Ferriols National School should consider 

embedding the ASTRA Model into classroom instruction, ensuring resources for teacher training in the new 

pedagogical approaches, and providing the appropriate technological infrastructure to support AI-enhanced learning. 

Teachers can be encouraged to adopt the phases of ASTRA (Assess, Search, Triangulate, Reflect, Apply) during 

lessons to afford students both cognitive and social constructivist engagement opportunities and ensure responsible 

AI use in an ethical and reflective manner. Students should be guided to use AI responsibly: critically evaluating, 

collaborating, and applying everything to enhance their understanding and performance of science. This study was 

limited to one Grade 11 class with 26 students, which may constrain the generalizability of its findings. Future 

research should involve larger and more diverse samples across multiple schools and disciplines, using mixed-

method designs to capture both quantitative outcomes and qualitative experiences of Responsible AI Use. Moreover, 

subsequent studies are encouraged to examine the ASTRA Model’s scalability, sustainability, and long-term impact 

on learners’ cognitive, social, and affective domains—including retention, engagement, and digital citizenship. 
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Apendix A 
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Appendix B 

Parent Informed Consent 
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Appendix C 

Survey Questionnaire 
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Appendix D 

CCL Rubrics 
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Appendix E 

SCL Rubrics 
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Appendix F 

Diagnostic Assessment 
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Appendix G 

Formative Assessment 
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