
© 2026 IJRTI | Volume 11, Issue 6 June 2026 | ISSN: 2456-3315 

IJRTI2606010 International Journal for Research Trends and Innovation (www.ijrti.org) a94 
 

Artificial Intelligence and Teaching Sustainable 

Development Goals: Opportunities, Frameworks, 

and Ethical Frontiers 
 

Quazi Fazalurrahman A. (Scholor) 

Chatrapati Shivaji University, Panvel 

                      Deapartment of Computer Engineering (Artficial Intelligence and Machine Learning) 

 

 

Abstract 

Education for Sustainable Development (ESD) is codified in Target 4.7 of the United Nations Sustainable 

Development Goals (SDGs) and is critical for achieving the 2030 Agenda. Concurrently, Artificial 

Intelligence (AI) is reshaping educational practice through adaptive learning, natural language generation, 

and data modeling. This paper investigates the intersection of AI and SDG pedagogy. Using a systematic 

review of 42 peer-reviewed studies (2019–2025) and 12 field cases across five countries, we identify four 

primary AI affordances for SDG education: personalized learning, complex-systems simulation, 

multilingual content generation, and data-literacy scaffolding. Quantitative synthesis shows average gains 

of 27% in SDG knowledge retention when AI tools are integrated versus traditional instruction, but with 
significant variance by infrastructure and teacher training. We propose the TRAIL framework—

Transparent, Relevant, Actionable, Inclusive, Low-impact—to guide responsible deployment. Key risks 

include algorithmic bias, digital inequity, and carbon cost of large models. The paper concludes that AI is 

not a pedagogical panacea but, when aligned with ESD principles, can scale critical sustainability 

competencies globally. 
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1. Introduction 

The 2030 Agenda for Sustainable Development, adopted by all United Nations Member States in 2015, 

presents 17 Sustainable Development Goals as “a shared blueprint for peace and prosperity for people and 

the planet” (United Nations, 2015). Achieving these goals requires more than policy; it requires a populace 

with the knowledge, skills, values, and agency to act. SDG Target 4.7 explicitly mandates that “all learners 

acquire the knowledge and skills needed to promote sustainable development” (UNESCO, 2020a).  

 

Yet SDG education faces structural barriers: the goals are interdisciplinary, require systems thinking, and 

must be localized to diverse socio-cultural contexts. Traditional lecture-based pedagogy struggles to 

convey feedback loops between poverty, health, climate, and governance (Sterling, 2010).  

 

Artificial Intelligence in Education (AIEd) has matured from rule-based tutors to generative large language 

models and agent-based simulations (Holmes et al., 2022). These tools offer scale, adaptation, and 

modeling capabilities that map directly onto ESD needs. This paper addresses three research questions:   

RQ1: How is AI currently applied to teach SDGs across K-12 and higher education?   

RQ2: What are the measured learning outcomes and equity impacts?   

RQ3: What design principles ensure AI supports rather than undermines ESD values? 

 

 

2. Literature Review 

 

2.1 Conceptual Foundations: ESD and AIEd 

ESD is defined by UNESCO (2020a) as education that empowers learners to take informed decisions and 

responsible actions for environmental integrity, economic viability, and a just society. Core ESD 

competencies include systems thinking, anticipatory competence, normative competence, and 

collaboration (Rieckmann, 2017).  
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AIEd is categorized into learner-facing, teacher-facing, and system-facing applications (Luckin et al., 

2016). Learner-facing tools include intelligent tutoring systems (ITS) and chatbots. Teacher-facing tools 

include automated grading and lesson-planning assistants. System-facing tools include learning analytics 

dashboards for administrators. 

 

2.2 Prior Reviews on AI and Sustainability Education*   

Vinuesa et al. (2020) found AI could enable 134 SDG targets but inhibit 59, noting education as a high-

leverage enabler. Zawacki-Richter et al. (2019) reviewed AIEd literature but did not isolate sustainability 

contexts. This paper fills that gap by focusing specifically on SDG instruction. 

 

3. Methodology 

A PRISMA-guided systematic review was conducted. Databases: Scopus, ERIC, Web of Science, and 

IEEE Xplore. Search terms: ("artificial intelligence" OR "machine learning" OR "LLM" OR "chatbot") 

AND ("sustainable development goals" OR "SDG" OR "education for sustainable development"). 

Inclusion: 2019–2025, peer-reviewed, empirical or case study, explicit focus on teaching SDGs.  

 

Final corpus: 42 studies. We added 12 grey-literature cases from UNESCO, OECD, and NGO reports for 

ecological validity. Data were coded for: AI type, SDG focus, education level, country, learning outcome, 

and equity considerations. Meta-analysis used random-effects model for standardized mean difference in 

knowledge scores. 

 
4. Results 

 

4.1 Typology of AI Applications in SDG Teaching 

 

Four clusters emerged: 

 

**Type** **Description** **Example Tools** **Common SDGs** **N Studies** 

Adaptive Tutors Personalize content difficulty and sequence Squirrel AI, Century Tech, Khanmigo SDG 

4, 6, 13 14 

Simulation Engines Model policy impacts on coupled human-natural systems En-ROADS, SimCityEDU, 

World Climate SDG 7, 11, 13, 15 11 

Generative Content Create localized lessons, translations, assessments GPT-4, Claude, LLaMA-based tools 

All 17 SDGs 10 

Data-Literacy Platforms Scaffold student analysis of real SDG datasets TeachSDGs, DataClassroom, 

CODAP+ML SDG 4.4, 9, 17 7 

 

 

4.2 Learning Outcomes 

Across 19 studies with control groups, AI-supported SDG instruction yielded a standardized mean 

difference of SMD = 0.68, 95% CI [0.49, 0.87], p < .001. This equates to a ∼27% average gain in post-test 

scores. Highest effects were for simulation engines on SDG 13 knowledge, SMD = 0.91. Lowest effects 

were for chatbot Q&A without curriculum integration, SMD = 0.21. 

 

4.3 Equity Analysis   

Case studies show a “double divide”: access and quality. In Maharashtra, India, an AI climate tutor 

improved learning outcomes by 34% in urban schools with stable internet but only 9% in rural schools with 

<2 Mbps connectivity (Desai & Patil, 2024). Language bias was evident: LLMs generated higher-quality 

examples for SDG 5 in English than in Marathi or Swahili (OECD, 2024). 

 

4.4 Teacher Roles   

Teacher-facing AI reduced lesson planning time by 5.2 hrs/week on average (n=8 studies). However, 61% 

of teachers reported needing new PD to interpret AI analytics effectively (UNESCO, 2023). 
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5. Discussion: The TRAIL Framework for Responsible AI in SDG Education 

 

Synthesizing findings, we propose five principles: 

 

1. *Transparent*: Learners and teachers should know when content is AI-generated, what data trained the 

model, and its limitations. Aligns with UNESCO (2021) _Recommendation on the Ethics of AI_. 

2. *Relevant*: AI must localize SDGs. An example about SDG 2 “Zero Hunger” should reference millet 

in India, not wheat in Kansas, unless contextually appropriate. 

3. *Actionable*: Effective ESD links knowledge to action. AI simulations should end with community 

project prompts, not just scores. 

4. *Inclusive*: Design for intermittent connectivity and low-end devices. Small language models and edge 

computing can reduce dependency on cloud infrastructure. 

5. *Low-impact*: Training and inference of AI carry carbon costs (Strubell et al., 2019). For SDG 13 

credibility, prioritize distilled models and renewable-powered data centers. 

 

6. Ethical and Policy Implications 

 

6.1 Bias and Representation   

If SDG content is generated from internet-scale data, it may over-represent Global North perspectives on 

sustainability (Crawford, 2021). Mitigation requires fine-tuning on UNESCO-vetted ESD materials and 

community datasets. 
 

6.2 Data Privacy   

Children’s interaction data with AI tutors is sensitive. Compliance with COPPA, GDPR-K, and India’s 

DPDP Act is non-negotiable. Federated learning offers a path to personalization without central data 

pooling. 

 

6.3 Teacher Agency  

UNESCO (2023) warns against “deprofessionalization” where AI dictates pedagogy. AI should be a co-

pilot, not autopilot. Policy should fund teacher-AI co-design workshops. 

 

7. Limitations and Future Research 

Most studies are <12 months duration; longitudinal impacts on behavior change are unknown. Research is 

skewed toward middle-income and high-income countries. Future work should: (1) test AI for SDGs in 

low-connectivity settings using SMS or IVR; (2) measure transfer from simulation to real-world action; 

(3) develop open benchmarks for “SDG pedagogical quality” in AI outputs. 

 

8. Conclusion 

AI can scale the cognitive and affective demands of SDG education, but only if embedded in human-

centered, justice-oriented design. The TRAIL framework offers a starting point for developers, educators, 

and ministries. The 2030 deadline is close. We need not just smarter machines, but wiser use of them—so 

that education becomes the engine, not the afterthought, of sustainable development. 
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