



AI-Driven Environmental Education in Southeast Nigerian Schools: A Study on Climate Change Awareness and Mitigation Strategies

Abstract
This study aimed to explore the potential of AI-driven environmental education in improving climate change awareness and promoting mitigation strategies among students in secondary schools across Southeast Nigeria. Given the increasing vulnerability of the region to climate-related challenges such as erosion, flooding, and food insecurity, it is imperative to investigate innovative educational approaches that can empower young people with relevant knowledge and action-oriented skills. The study adopted a mixed-methods design, integrating quantitative surveys and qualitative focus group discussions to assess baseline knowledge, attitudes, and practices related to climate change. Artificial intelligence tools such as adaptive learning platforms, environmental simulation models, and interactive digital content were introduced in selected schools as part of the intervention. Data analysis was carried out using SPSS for statistical evaluation and NVivo for qualitative insights. The study intended to determine whether the incorporation of AI technologies into environmental education could significantly enhance students’ climate literacy and influence their participation in sustainability initiatives. Findings from this research would inform educational policy, support teacher training in digital environmental pedagogy, and contribute to the broader discourse on climate change education in the Global South.	Comment by zainab abubakar: Population and sample size of the study should be stated here.	Comment by zainab abubakar: Delete all the highlighted and replaces with the findings of the study and a major recommendation.
Keywords: Artificial Intelligence, Climate Change, Environmental Education, Mitigation Strategies, Southeast Nigeria.










1.0 Introduction
The global climate crisis has emerged as one of the most defining challenges of the 21st century, with its impacts being felt across all continents, especially in vulnerable regions like sub-Saharan Africa. Nigeria, the most populous country in Africa, is highly susceptible to the adverse effects of climate change, which manifest in rising temperatures, flooding, gully erosion, irregular rainfall patterns, and agricultural instability (Intergovernmental Panel on Climate Change [IPCC], 2023). Unachukwu and Abiakam (2020) found that secondary school students in Anambra State exhibited varying levels of awareness regarding the causes and effects of climate change and importantly, noted that many erosion-affected communities remain uninformed, underscoring a critical need for enhanced environmental literacy. As the climate emergency intensifies, it has become increasingly imperative to promote environmental education that empowers young people with the knowledge, skills, and values necessary to respond proactively and sustainably. 
Environmental education is recognized globally as a critical tool for fostering climate literacy and building a culture of environmental stewardship, especially among the youth who will bear the future burden of today’s ecological decisions (UNESCO, 2022). However, the delivery of environmental education in Nigeria's school system remains rudimentary, theory-driven, and inadequately resourced (Okafor et al., 2021). Many public and private schools lack access to updated curricular materials, trained educators, and interactive teaching resources that can engage students meaningfully in sustainability issues. Furthermore, the pedagogical methods commonly employed are insufficient in capturing the dynamic and interdisciplinary nature of climate change and environmental science, thereby limiting student engagement and real-world application of knowledge. 
Against this backdrop, Artificial Intelligence (AI) presents a transformative opportunity to revolutionize the teaching and learning of climate-related content in Nigerian schools. AI-powered platforms can offer personalized, adaptive learning experiences; simulate environmental systems and future scenarios; analyze real-time data; and support decision-making processes through interactive modules and gamified learning environments (Luckin et al., 2016; UNESCO, 2023). By integrating AI into environmental education, educators can enhance students' cognitive, affective, and behavioral engagement, making complex concepts like carbon cycles, biodiversity loss, and climate resilience more accessible and actionable (Akgun et al, 2021).
This study, therefore, seeks to investigate how AI-driven environmental education can improve climate change awareness and promote mitigation strategies among students in Southeast Nigerian secondary schools. The research is particularly significant given the region’s environmental vulnerability and the national imperative to align educational strategies with Nigeria’s Climate Change Act (2021) and the National Climate Change Policy (Federal Ministry of Environment, 2021). The proposed research will adopt a mixed-methods design, employing both quantitative and qualitative approaches to assess students’ pre- and post-intervention knowledge, attitudes, and practices (KAP) concerning climate change.
Through this study, the potential of AI as a pedagogical enhancer for environmental education in the Global South will be critically examined. The findings are expected to inform curriculum development, teacher training programs, and policymaking, especially in integrating AI tools into educational strategies for sustainable development. Furthermore, this research aligns with the United Nations Sustainable Development Goals (SDGs), particularly Goal 4 (Quality Education), Goal 13 (Climate Action), and Goal 9 (Industry, Innovation and Infrastructure), reinforcing the role of education and innovation in addressing global environmental challenges.
1.1 Statement of the Problem
Despite the escalating impact of climate change across Nigeria, ranging from extreme weather events and desertification in the north, to rising sea levels and erosion in the southeast climate literacy remains alarmingly low among secondary school students (Oguejiofor et al, 2025). In Southeast Nigeria, a region particularly vulnerable to gully erosion, seasonal flooding, and loss of biodiversity, the absence of comprehensive, action-oriented environmental education has significantly hindered young people’s ability to understand the causes and consequences of climate change or to engage in mitigation efforts (Oruonye., 2023). Schools continue to rely on outdated curricula and traditional teaching methods that are ill-equipped to foster the critical thinking and problem-solving skills needed to navigate an increasingly complex environmental landscape.
Furthermore, while global trends emphasize the integration of digital innovations into education for sustainable development (ESD), Nigeria’s secondary school system lags behind in deploying technology-enhanced learning solutions, particularly those driven by Artificial Intelligence (AI) (UNESCO, 2023). AI tools capable of delivering personalized learning experiences, real-time environmental simulations, and intelligent tutoring systems remain largely absent in the teaching of climate change topics in public and private schools across the southeast region. As a result, students are often disengaged, misinformed, or unmotivated to take environmentally responsible actions (Olasehinde-Williams & Balogun, 2020).
The gap between climate knowledge and climate action is further widened by the lack of empirical studies exploring the intersection of AI and environmental education within the Nigerian context. While there is growing interest in digital transformation in education policy, there is limited evidence on how AI-driven pedagogies can concretely enhance students’ awareness and foster mitigation strategies, especially in under-resourced educational settings (Nja et al, 2023). This knowledge gap poses a critical barrier to the realization of both national educational reforms and Nigeria’s commitment to global climate action under the Paris Agreement and Sustainable Development Goals (SDGs).
This study, therefore, seeks to fill this gap by investigating the potential of AI-enhanced environmental education in improving students' understanding of climate change and encouraging sustainable behaviors in secondary schools across Southeast Nigeria. The urgency of the climate crisis, coupled with the transformative promise of AI in education, underscores the timeliness and necessity of this research.
1.4 Research Objectives
1. To examine the influence of AI-driven environmental education on students’ awareness and understanding of climate change in Southeast Nigerian secondary schools.
2. To explore students’ perceptions and attitudes toward the use of AI technologies in environmental education.
3. To assess the impact of AI-based instruction on students’ engagement in climate change mitigation activities such as tree planting, recycling, and advocacy.

1.3 Research Questions
1. To what extent does AI-driven environmental education influence climate change awareness among secondary school students in Southeast Nigeria?
2. What are the perceptions and attitudes of students toward AI-integrated learning platforms in the context of environmental education?
3. How does AI-based instruction affect the adoption of climate change mitigation strategies among students in selected schools?
1.4 Delimitation of the Study
The study wass delimited to:	Comment by zainab abubakar: Delete 
· Geographical boundaries: Only secondary schools within the Southeast geopolitical zone of Nigeria were included. The findings may not be generalizable to other regions of Nigeria with different environmental and educational contexts.
· Educational level: The research focuses solely on senior secondary school students and excludes primary schools, tertiary institutions, and informal educational settings.
· Subject focus: The study is confined to environmental education as it relates to climate change awareness and mitigation and does not extend to other domains of environmental science (e.g., biodiversity, marine pollution).
· Technological scope: The AI tools assessed will be limited to educational applications that provide personalized or interactive learning experiences, and not broader AI technologies such as climate modeling systems or IoT-based environmental monitoring.
1.6 Significance of the Study
This study is significant for several reasons:
1. Educational Advancement: By evaluating the effectiveness of AI-driven environmental education, the study contributes to the growing discourse on digital transformation in the Nigerian educational sector. It provides evidence-based insights for integrating emerging technologies into classroom instruction, particularly in under-resourced settings.
2. Climate Change Mitigation: With Nigeria facing severe environmental degradation, the study supports national and regional strategies aimed at fostering climate-conscious behaviors among youths, aligning with the National Climate Change Policy (2021) and the Climate Change Act (2021).
3. Policy and Curriculum Development: Findings from the study will inform policymakers, curriculum developers, and education stakeholders on how to incorporate AI-based tools into environmental education, in line with SDGs 4 (Quality Education) and 13 (Climate Action).
4. Capacity Building: By involving teachers and school administrators, the research fosters digital literacy and pedagogical innovation in environmental education, potentially improving instructional quality and student outcomes.
5. Academic Contribution: The study bridges a gap in literature by exploring the nexus between AI and climate change education in a developing country context, offering a novel contribution to educational technology and sustainability research in the Global South.


1.7 Theoretical Framework
This study is underpinned by two interrelated theoretical models: Kolb’s Experiential Learning Theory (1984)andBandura’s Social Cognitive Theory (1986). Together, these theories provide a robust foundation for examining how Artificial Intelligence (AI)-driven environmental education influences climate change awareness and mitigation strategies among secondary school students in Southeast Nigeria. While Kolb’s theory explains how students learn through immersive, interactive experiences, Bandura’s theory focuses on how those experiences translate into observable behavior and long-term environmental engagement.
1.7.1 Experiential Learning Theory (Kolb, 1984)
Kolb’s Experiential Learning Theory (ELT) conceptualizes learning as a cyclical, holistic process that involves four key stages: concrete experience, reflective observation, abstract conceptualization, and active experimentation. The theory emphasizes that knowledge is constructed through direct engagement with learning materials, followed by critical reflection and practical application (Kolb, 1984). This constructivist approach is particularly relevant to environmental education, where learners must grapple with complex, real-world challenges such as climate change, deforestation, and sustainability.
Within the context of this study, AI-based educational tools such as interactive simulations, gamified climate models, and adaptive learning platforms are employed to facilitate each stage of Kolb’s learning cycle. For instance, AI-generated climate scenarios offer concrete experiences that allow students to explore virtual representations of environmental degradation or sustainable practices. Following this, reflective prompts and guided questions enable reflective observation, while conceptual modules and AI tutors support abstract conceptualization of scientific principles. Finally, students are encouraged to experiment actively by designing eco-projects or applying mitigation strategies in their schools and communities. Thus, AI-driven learning environments can personalize and enhance experiential learning, deepening students’ cognitive engagement with environmental content.
1.7.2 Social Cognitive Theory (Bandura, 1986)
Bandura’s Social Cognitive Theory (SCT) expands the scope of learning by integrating behavioral, personal, and environmental influences within a model of reciprocal determinism. Central to SCT are three constructs: observational learning, self-efficacy, and behavioral reinforcement (Bandura, 1986). In SCT, individuals acquire knowledge and behaviors not only through direct experience but also by observing modeled actions and evaluating the outcomes of those actions in others.
In the AI-enhanced environmental education model proposed in this study, students interact with AI-generated role models (e.g., animated characters or peers in climate simulations) who engage in positive environmental actions such as recycling, afforestation, or advocacy. Through observational learning, students develop mental representations of these behaviors. AI platforms also deliver real-time feedback, gamified rewards, and scaffolded activities, all of which serve as forms ofreinforcement that motivate continued engagement. Additionally, AI tools adapt to student performance levels, thereby improving learners’ self-efficacy their belief in their ability to understand and act on environmental issues.
SCT thus provides a critical behavioral dimension to this study by explaining how students’ exposure to AI-mediated environmental content can shape their attitudes, perceptions of social norms, and intentions to engage in mitigation activities such as waste sorting, energy conservation, or climate advocacy.
1.7.3 Integrative Value of the Theoretical Framework
The combination of Experiential Learning Theory and Social Cognitive Theory creates a comprehensive framework for this study. Kolb’s ELT explains the process of learningenvironmental concepts through AI-enhanced experiences, while Bandura’s SCT explains the translation of that learning into behavior. This dual-theory approach supports both the cognitive and behavioral objectives of the research and aligns with the study’s mixed-methods design.
Table 1. Kolb’s ELT and Bandura’s SCT support both the cognitive and behavioural objectives of this research 
	Kolb’s ELT
	Bandura’s SCT



	Learning through direct experience
	Learning through observation and modeling



	Emphasizes internal knowledge construction
	Emphasizes behavior change and efficacy



	Aligns with AI simulations and feedback
	Aligns with reinforcement and peer modeling



Together, these theories frame the investigation of how AI technologies can be strategically deployed within secondary schools to not only increase climate change awareness, but also to stimulate student-led mitigation behaviors, contributing to broader environmental resilience and policy advocacy.
2.0 Review of Related Literature
2.1 Introduction
This section reviews relevant literature on the role of artificial intelligence (AI) in environmental education, the state of climate change awareness among Nigerian secondary school students, and theoretical perspectives underpinning learning and behavior change. It also identifies research gaps that this study seeks to address.
2.2 Environmental Education and Climate Change Literacy in Nigeria
Environmental education (EE) is a vital tool for building awareness, knowledge, and responsible behavior toward ecological sustainability. In Nigeria, however, EE is underdeveloped, with most secondary schools relying on traditional rote-based methods, outdated curricula, and poorly trained educators (Alabi, 2023). This disparity between knowledge and action has been pointed out in Southeast Nigeria, where many students are aware of climate change but seldom engage in concrete adaptation or mitigation behaviors (Oguejiofor et al., 2025). 
Studies in Southeastern Nigeria have shown moderate levels of awareness among students concerning climate change, but many remain unable to articulate or practice concrete adaptation  strategies (Oguejiofor et al 2025). Furthermore, learners in flood- and erosion-prone areas like Anambra and Imo states often lack localized understanding and context-specific interventions (Oguejiofor et al, 2025). This calls for more interactive and technology-supported approaches that foster applied learning and critical thinking.
2.3 Artificial Intelligence in Education
AI technologies such as intelligent tutoring systems, adaptive learning platforms, and virtual simulations have demonstrated significant potential in transforming education globally (UNESCO, 2023). In sub-Saharan Africa, AI is increasingly recognized as a solution to structural deficits in teacher capacity, curriculum delivery, and student engagement ( Nja et al, 2023).
Okoye and Mante (2024) review how integrating AI into STEM education can personalize learning, improve collaboration across distances, and address instructional resource deficits in Nigeria’s secondary schools.. Nja et al. (2023) found that many Nigerian teachers, especially in science subjects, have a positive perception of AI tools but lack training and institutional support to adopt them effectively.
Despite these limitations, AI-powered learning environments offer personalized feedback, real-time adaptation, and immersive simulations making them highly suitable for complex and dynamic topics like climate change (Lim et al., 2024).
2.4 Experiential Learning and AI-Based Instruction
Kolb’s Experiential Learning Theory (1984) advocates for active engagement in learning through a cyclical process involving experience, reflection, conceptualization, and experimentation. AI tools support this cycle by allowing students to interact with real-world environmental scenarios in virtual formats.
For instance, AI-driven platforms can simulate deforestation, flooding, and greenhouse gas emissions, allowing learners to test and reflect on outcomes (Mcleod, 2025; Aderibigbe et al, 2023). Research by Olasehinde-Williams and Balogun (2020) shows that when Nigerian students are actively involved in environmental problem-solving, their retention and application of knowledge significantly improve.
AI also enables differentiated instruction that caters to students’ varied learning styles and levels an important consideration in public schools where class sizes are often large and teacher-to-student ratios are poor (Regha, 2017).
2.5 Behavioral Change and Social Cognitive Theory
Bandura’s (1986) Social Cognitive Theory emphasizes observational learning, social modeling, and perceived self-efficacy. These constructs are critical in influencing behavior change, particularly in environmental education. AI platforms can embed animated role models or peer avatars demonstrating climate-friendly behaviors such as recycling, afforestation, and water conservation. Students who observe these actions repeatedly in engaging, gamified formats are more likely to internalize and replicate them (Bandura, 1986; Lim et al., 2024).
SCT also stresses that behavior change depends on an individual’s belief in their ability to effect change known as self-efficacy. AI systems enhance this by providing instant feedback, adaptive task progression, and positive reinforcement, which build learners’ confidence and willingness to engage in climate mitigation actions (UNESCO, 2023).
2.6 Synthesis and Research Gap
The reviewed literature underscores three critical insights:
1. Environmental education in Nigeria remains largely theoretical and under-resourced.
2. AI technologies hold promise for improving climate literacy through experiential and personalized learning.
3. Few studies have empirically examined the link between AI-enabled learning and behavioral change in climate action among secondary school students in Nigeria.
Most existing studies focus either on AI adoption in general education or on climate change awareness without integrating behavioral theories or adaptive digital instruction. Therefore, this study addresses a unique gap by combining Kolb’s Experiential Learning Theory and Bandura’s Social Cognitive Theory to examine how AI-driven environmental education can enhance both awareness and climate action in secondary schools across Southeast Nigeria.
3.0 Methodology
3.1 Research Design
This study adopted a convergent parallel mixed-methods design (Creswell & Plano Clark, 2018), combining both quantitative and qualitative approaches to explore the impact of AI-driven environmental education on climate change awareness and mitigation strategies among secondary school students in Southeast Nigeria. The design allows for simultaneous data collection, analysis, and integration of findings to provide a holistic understanding of the phenomena under study.
Quantitatively, a quasi-experimental pretest-posttest design was employed to assess changes in students’ climate knowledge and behavior after exposure to AI-enhanced instructional modules. Qualitatively, focus group discussions (FGDs) and semi-structured interviews were conducted with students, teachers, and school administrators to capture perceptions, attitudes, and contextual dynamics.
3.2 Population of the Study
The population comprised senior secondary school students(SS1–SS3), science teachers, and school administrators across five states in Southeast Nigeria Abia, Anambra, Ebonyi, Enugu, and Imo. These states were selected due to their vulnerability to environmental degradation and reported challenges in climate education (Oguejiofor, 2021)
3.3 Sample Size and Sampling Technique
Using Yamane’s (1967) formula for known populations and stratified random sampling, a sample of 600 students was drawn from 20 secondary schools (4 from each state). Schools were stratified by urban-rural location and type (public vs. private). Purposive sampling was used to select 20 science teachers and 10 administrators for qualitative interviews.
3.4 Sample Size Justification & Population Estimation
To determine a realistic population size for senior secondary students in Southeast Nigeria, the following data were used:
· According to YCharts (2024), the total number of secondary school students in Nigeria in 2021 was approximately 13.95 million.
· Southeast Nigeria contributed around 11% of this total, based on enrollment distribution across geopolitical zones .
Using these figures:
N = 13,950,000 × 0.11 ≈ 1,534,500
Estimated target population: 1,534,500 senior secondary students spread across Abia, Anambra, Ebonyi, Enugu, and Imo states.
3.4.1 Sample Size Determination (Yamane’s Formula)
​To determine the appropriate sample size for this study, Yamane’s (1967) formula for finite population was applied. The formula is:
n = N / [1 + N(e²)]
Where:
· n = sample size
· N = population size
· e = level of precision or margin of error (usually 0.05 or 0.04)
Example Based on Study Parameters
Estimated population of senior secondary school students in Southeast Nigeria:
N = 1,534,500
Margin of error (precision level):
e = 0.04
Calculation:
n = 1,534,500 / [1 + 1,534,500 × 0.0016]
n = 1,534,500 / [1 + 2,455.2]
n = 1,534,500 / 2,456.2 ≈ 624.8
Thus, a statistically sound sample size is approximately625 students.
Final Justification:
A sample size of 600 students was adopted a figure close to the calculated 625, offering a ~4.05% margin of error at 95% confidence level. This also provides flexibility for non-response or attrition, while ensuring balanced representation across the five Southeast Nigerian states.
Table2: Sample Distribution by State, Schools, Students, and Teachers
	State
	Number of Schools Sampled
	Number of Students Sampled
	Number of Teachers Interviewed

	Abia
	4
	120
	4

	Anambra
	4
	120
	4

	Ebonyi
	4
	120
	4

	Enugu
	4
	120
	4

	Imo
	4
	120
	4

	Total
	20
	600
	20


(Source: Field Research, 2025).
3.5 Research Instruments
3.5.1 AI-Enhanced Climate Education Module
A structured digital lesson module developed using AI-powered tools (e.g., simulations, adaptive quizzes) was delivered over a 4-week period. The module aligned with Nigeria's Basic Science and Geography curriculum and incorporated experiential and social learning elements derived from Kolb and Bandura’s frameworks.
3.5.2 Questionnaire
A researcher-designed Climate Awareness and Mitigation Questionnaire (CAMQ) was used.  It covered:
· Climate change knowledge (multiple choice),
· Environmental attitudes (Likert scale),
· Mitigation behavior (frequency scale).
The instrument was validated by three experts and piloted on a group of 30 students with a Cronbach’s alpha of 0.81, indicating high internal reliability.
3.5.3 Interview Guide and FGD Protocol
Semi-structured guides focused on:
· Student perceptions of AI tools,
· Challenges to adoption,
· Behavioral changes observed post-intervention.
Interviews lasted 30–45 minutes and were audio-recorded with consent.
3.6 Method of Data Collection
Data collection occurred in two phases:
1. Pre-intervention Phase: Students completed the CAMQ questionnaire to establish baseline climate awareness and mitigation behavior.
2. Intervention Phase: AI-based lessons were delivered weekly for four weeks via mobile-enabled tablets or computer labs.
3. Post-intervention Phase: Students completed the same questionnaire again. FGDs and interviews followed, held in both English and local dialects (where needed), and transcribed verbatim.
3.7 Method of Data Analysis
· Quantitative Data from the CAMQ were analyzed using SPSS v27.
· Descriptive statistics (means, frequencies, standard deviations) were used to summarize data.
· Paired-sample t-tests were conducted to determine statistically significant differences in pre- and post-intervention scores on awareness and behavior.
· Regression analysis was employed to assess the predictive strength of AI-based instruction on behavior change.
· Qualitative Data were analyzed using NVivo thematic coding.
· Transcripts were coded into emerging themes based on Kolb’s and Bandura’s constructs (e.g., experience, reflection, self-efficacy).
· Patterns and anomalies were compared across rural/urban and public/private school contexts.
3.9 Validity and Reliability
Instrument validity was ensured through expert review, pilot testing, and alignment with validated tools such as the GLOBE Climate Literacy Survey. Reliability was established through internal consistency tests and triangulation of data sources: questionnaires, interviews, and FGDs.
3.10 Limitations of the Methodology
Potential limitations include:
· Limited access to digital devices in rural schools.
· Variability in internet bandwidth and electricity, which could affect AI tool deployment.
· Social desirability bias in post-intervention responses.
Mitigation strategies included scheduling offline access to AI modules and using blended learning models.
4.0 Data Presentation and Analysis
The data were analyzed using descriptive and inferential statistics in SPSS 29. Descriptive statistics (frequencies, percentages, means, and standard deviations) were used to present respondents’ demographic information and responses to research questions. Inferential statistics (Independent Samples t-test, Chi-square test, and ANOVA) were used to test the stated hypotheses at a 0.05 significance level.
4.1Research Hypotheses	Comment by zainab abubakar: move to page 6, after research questions.
H₀₁: There is no statistically significant difference in students’ knowledge of climate change before and after exposure to AI-driven environmental education tools.
H₀₂: There is no statistically significant relationship between the frequency of using AI-driven tools and students’ level of engagement in climate change mitigation practices.
Table 3. Demographic Profile of Respondents
	Variable
	Category
	Frequency (n=600)
	Percentage (%)

	Gender
	Male
	288
	48.0

	
	Female
	312
	52.0

	Age Group
	13–15 years
	180
	30.0

	
	16–18 years
	252
	42.0

	
	19–21 years
	168
	28.0

	School Type
	Public
	354
	59.0

	
	Private
	246
	41.0


(Source: Researcher’s Computation, 2025)
The sample comprised 48% males and 52% females, with the majority (42%) aged between 16–18 years. Public school students constituted 59% of the sample.
4.11 AI-Driven Tools Utilized in the Study
To enhance the quality, accuracy, and efficiency of data collection, analysis, and interpretation, this study incorporated several AI-driven tools and platforms. These tools were selected based on their alignment with the research objectives, particularly in measuring climate change awareness, evaluating mitigation strategies, and improving engagement among secondary school students in Southeast Nigeria.
1. Google Forms with AI-enhanced Survey Analytics
· Purpose in the Study: Used to collect quantitative data from the 600 sampled students.
· AI Feature: The platform’s built-in AI-driven analytics suggested optimal question sequencing, automatically flagged incomplete or inconsistent responses, and provided instant summary charts.
· Benefit: Reduced human error in data cleaning and accelerated preliminary trend detection.
2. NVivo 14 with AI-assisted Thematic Coding
· Purpose in the Study: Used for qualitative analysis of interview and focus group discussion (FGD) transcripts.
· AI Feature: Leveraged automated sentiment detection and theme identification to categorize responses related to climate change perceptions, knowledge gaps, and behavioral patterns.
· Benefit: Enhanced coding speed and consistency while still allowing researcher verification for accuracy.
3. SPSS Statistics with AI-Powered Predictive Analytics
· Purpose in the Study: Conducted inferential statistics, including Chi-square tests and ANOVA, to examine relationships between demographic variables and climate change awareness/engagement levels.
· AI Feature: SPSS’s AI-assisted “Predictive Modeling” suggested additional interaction variables for testing, based on initial correlation patterns.
· Benefit: Improved robustness of analysis and ensured no key variable relationships were overlooked.
4. ArcGIS Pro with AI-based Spatial Analysis Extension
· Purpose in the Study: Produced spatial breakdowns of climate change awareness scores across the sampled Southeast Nigerian states.
· AI Feature: Machine learning classification grouped schools into awareness tiers based on geospatial and socio-economic indicators.
· Benefit: Enabled visual interpretation of geographic patterns, highlighting regions needing targeted climate change education interventions.
These tools collectively enhanced the study’s methodological rigor, ensuring that both quantitative and qualitative findings were systematically derived, accurately represented, and strategically visualized.
Table 2. Paired Samples t-Test on Knowledge Gains
	Test Component
	Mean (Pre-test)
	Mean (Post-test)
	Mean Difference
	t-value
	df
	p-value

	Climate Change Knowledge Score
	52.13
	78.46
	26.33
	31.57
	599
	<.001


The paired samples t-test showed a significant improvement in climate change knowledge after exposure to AI-driven tools, t(599) = 31.57, p < .001. Thus, H₀₁ was rejected.
Table 4. Relationship between Tool Usage and Mitigation Engagement
	Variable
	Pearson’s r
	p-value

	AI tool usage frequency vs. mitigation engagement
	0.674
	<.001


(Source: Spss Vs 27)
There was a strong positive correlation between frequency of AI tool usage and engagement in mitigation activities (r = .674, p < .001). This leads to rejection of H₀₂.
4.1.2. Summary of Key Quantitative Findings
1. Students demonstrated substantial knowledge gains after AI-based interventions.
2. AI tool usage frequency was strongly linked to active climate change mitigation behaviors.
5.0 Findings
The study revealed several notable trends regarding climate change awareness and mitigation strategies among secondary school students in Southeast Nigeria, following the AI-driven educational intervention:
1. Improved Climate Change Awareness:
Pre-test results indicated moderate awareness levels among students, with an average score of 54.8% across all assessed domains. Post-test scores rose significantly to an average of 78.6%, indicating enhanced understanding of climate change causes, impacts, and mitigation strategies.
2. Positive Effect of AI-Driven Tools:
The paired samples t-test showed a statistically significant improvement in students’ knowledge (t = 14.87, p < .001). This confirms that the AI-powered learning tools — including AI climate simulation models, virtual reality field trips, and adaptive learning quizzes  effectively bridged theoretical concepts with practical understanding.
3. Geographical Variation in Gains
Students from urban schools showed slightly higher mean score improvements (+25.6 percentage points) than those from rural schools (+21.8 percentage points). This may reflect differences in access to technology or prior exposure to environmental education content.
5.1 Hypothesis Testing Results:
· H1 (AI-driven instruction will significantly improve climate change awareness) was supported.	Comment by zainab abubakar: ??
· H2 (There will be no difference in gains between urban and rural schools) was rejected, as urban schools demonstrated significantly higher improvements (F = 5.42, p = .021).
4. Adoption of Mitigation Practices:
Qualitative responses indicated that students reported increased interest in practical climate action, including tree planting, waste segregation, and participation in school-based environmental clubs. These behaviours were more prevalent in urban schools, but rural schools showed notable improvement post-intervention.
5.1.1 Discussion of Findings
The findings of this study indicate that AI-driven educational interventions significantly enhanced climate change awareness and the adoption of mitigation practices among secondary school students in Southeast Nigeria. The statistically significant improvement in post-test scores supports the first hypothesis (H₁), demonstrating that AI-powered tools can effectively bridge existing knowledge gaps in environmental education.
1. Effectiveness of AI-Driven Learning Tools
The post-intervention increase in mean awareness scores (from 54.8% to 78.6%) aligns with Kolb’s Experiential Learning Theory, which emphasizes the value of active, experiential engagement in fostering deeper understanding (Kolb, 2015). AI simulations, virtual reality (VR) field trips, and adaptive learning quizzes provided multisensory and interactive experiences, allowing students to visualize climate processes and test solutions in real time. This is consistent with findings by Li and Wang (2022), who reported that immersive AI-assisted instruction in environmental topics increased both comprehension and retention rates among high school students.
2. Urban–Rural Disparities in Gains
The significant difference in learning gains between urban (+25.6 points) and rural (+21.8 points) schools, which led to the rejection of the second hypothesis (H₂), highlights the persistent digital divide in Nigerian education. Urban schools generally have more reliable internet access, higher teacher ICT literacy, and better integration of digital tools into curricula (Okeke & Nwankwo, 2021). This disparity suggests that while AI-driven methods are effective across contexts, their impact can be maximized only when infrastructural challenges — such as connectivity and device access  are addressed in rural areas.
3. Shift toward Practical Climate Action
Beyond cognitive gains, qualitative data revealed a behavioural shift towards environmentally friendly practices, particularly in urban schools. These behavioural changes re-echo the Theory of Planned Behavior (Ajzen, 1991), where increased knowledge leads to stronger attitudes, perceived control, and intention to act. However, rural students’ comparatively lower adoption rates point to possible constraints in resources and community support for environmental projects.
5. Implications for Policy and Practice
The findings underscore the potential of AI-enhanced pedagogies in driving not only knowledge acquisition but also behavioural transformation toward sustainability. Scaling these interventions will require multi-level strategies:
· Expanding infrastructural support to rural schools.
· Training teachers in AI-assisted instruction.
· Integrating AI-driven environmental modules into the national secondary school curriculum.

Such efforts align with Nigeria’s National Policy on Education and the UNESCO Education for Sustainable Development (ESD) goals, which advocate for technology-enabled, participatory learning experiences to address pressing environmental challenges.
6.0 Conclusion
This study set out to examine the impact of AI-driven environmental education on climate change awareness and mitigation strategies among secondary school students in Southeast Nigeria. The results confirm that AI-assisted learning tools significantly improve environmental knowledge, stimulate behavioural change, and can be effectively integrated into school curricula. The statistically significant gains observed in both urban and rural contexts validate the potential of technology-enhanced pedagogy as a transformative force in environmental education.
However, the disparities in learning outcomes between urban and rural schools underscore the persistent infrastructural and resource challenges in rural settings. While AI-driven methods are capable of delivering equitable learning opportunities, their success hinges on bridging the digital divide and ensuring consistent access to the required tools. Furthermore, the absence of gender-based differences in learning gains indicates that such interventions can be applied inclusively without bias toward any demographic group.
By combining Kolb’s Experiential Learning Theory and Bandura’s Social Cognitive Theory with practical AI applications, the study demonstrates that environmental education can be made more engaging, relevant, and action-oriented, particularly in the face of Nigeria’s pressing climate and sustainability challenges.
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Based on the findings, the following recommendations were proposed for policymakers, educators, and other stakeholders:
1. Integration into the National Curriculum:
· The Federal Ministry of Education should formally integrate AI-powered environmental education modules into the secondary school curriculum, ensuring alignment with the National Policy on Education and UNESCO’s Education for Sustainable Development (ESD) goals.
2. Infrastructure Development in Rural Schools
· Government and private sector partnerships should focus on improving internet access, power supply, and ICT resources in rural schools to close the digital divide and ensure equal benefits from AI-enhanced learning.
3. Teacher Training and Capacity Building:
· Continuous professional development programs should be implemented to equip teachers with the skills to use AI-assisted educational tools effectively, including adaptive learning platforms and virtual simulations.
4. Behavioural Reinforcement through School Projects:
· Schools should complement AI-driven awareness programs with hands-on environmental projects such as tree planting, recycling initiatives, and school-based climate clubs to reinforce learned behaviours.
5. Collaboration with NGOs and Tech Startups:
· Partnerships with environmental NGOs and AI-focused startups can help develop context-specific digital learning resources that reflect local environmental realities and cultural contexts.
6. Longitudinal Impact Assessment:
· Future research should track students over multiple academic years to measure the long-term retention of knowledge and sustained behavioural changes resulting from AI-driven interventions.
 Recommendations:	
1. Integrate AI-driven environmental education into the national secondary school curriculum.
2. Improve ICT infrastructure, especially in rural schools, through government–private sector partnerships.
3. Implement teacher training programs to build AI-integration skills.
4. Reinforce classroom learning with school-based environmental projects.
5. Foster collaborations between NGOs, edtech startups, and schools to develop localized AI content.
6. Conduct longitudinal studies to track the long-term impact of AI-assisted environmental education.
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