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Abstract
Climate change threatens ecosystems, livelihoods, and socio-economic development, with rural and resource-dependent communities facing heightened risks from altered rainfall, drought, and extreme events; such realities underscore the need to build climate literacy among young people. This study aimed to assess the level and latent dimensions of climate literacy—knowledge, attitudes, and perceptions—among secondary school students in hazard-prone Kerala, India. A quantitative cross-sectional survey was conducted among Classes IX–X students (13–16 years) from government and aided schools using multistage stratified random sampling (n = 420). A structured, expert-validated questionnaire based on established climate literacy frameworks measured responses on five-point Likert scales; reliability was supported by pilot testing and Cronbach’s alpha values> 0.70. Data were analyzed in SPSS using descriptive statistics and exploratory factor analysis (PCA with Varimax rotation; eigenvalues > 1, loadings ≥ 0.50), preceded by sampling adequacy tests (KMO and Bartlett’s). Students showed moderate climatechange knowledge (overall M ≈ 2.69; item means ranged from 2.64–2.76), but higher attitudes (M ≈ 3.78) and perceptions (M ≈ 3.60), indicating strong concern and acceptance of climate change despite limited conceptual depth. Knowledge was highest for renewable energy (M = 2.76) and Kerala’s vulnerability (M = 2.73) and lowest for deforestation and individual mitigation actions (both M = 2.64). Factorability was marginal but acceptable (KMO = 0.517; Bartlett χ² = 565.089, df = 435, p < 0.001). Exploratory Factor Analysis (EFA) retained 15 components explaining 62.47% of the variance, supporting multidimensional climate literacy; interpretable dimensions included Climate Change Impacts and Adaptive Awareness (e.g., deforestation loading 0.724), Local Climate Vulnerability and Educational Responsibility, Environmental Responsibility and Climate Impact Awareness (with an inconsistent renewable energy loading), Anthropogenic Causes and Pro-environmental Climate Action, and Foundational Knowledge with media influence and possible complacency in learning motivation. The findings highlight a knowledge–attitude gap, implying that curricula should move beyond awareness to strengthen scientific mechanisms, social/behavioural drivers, media literacy, and actionable mitigation/adaptation skills using student-centred approaches, while acknowledging self-report and context-specific limitations.
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1 INTRODUCTION

Climate change has emerged as one of the most pressing global challenges of the twenty-first century, posing significant threats to natural ecosystems, human livelihoods, and socio-economic development. Studies show that climate change adversely affects ecosystems by altering physiological and ecological processes, disrupting population and community structures, and compromising ecosystem functions, which in turn influence the availability of essential resources and biodiversity stability (Fang et al., 2017). These ecological disruptions have cascading effects on human communities, particularly those dependent on natural resources for their livelihoods. For example, rural and semi-arid communities face reduced agricultural productivity, water scarcity, and increased food insecurity due to changing rainfall patterns, droughts, and rising temperature (Kangalawe& Lyimo, 2013). Adaptation strategies such as drought-tolerant crops and water harvesting have been employed, but limitations remain due to socio-economic and infrastructural constraints.
Furthermore, climate change impacts extend to the socio-economic domain by undermining income sources and exacerbating vulnerabilities, particularly among smallholder farmers and indigenous communities reliant on subsistence fisheries and agriculture (Chingala et al., 2017; Moerlein & Carothers, 2012; Szabo et al., 2016). These changes threaten poverty reduction efforts and necessitate integrated approaches to bolster social and economic resilience, as illustrated in cases from Tanzania to British Columbia, Canada (Drolet & Sampson, 2016). Overall, the interconnected impacts of climate change demand comprehensive, multi-sectoral responses to sustain ecosystems, safeguard livelihoods, and promote inclusive socio-economic development (Szabo et al., 2016;).
Climate literacy among secondary school students involves understanding their knowledge, attitudes, and perceptions toward climate change. Research highlights that while many students recognize climate change as a real and pressing issue, significant misconceptions about its causes and consequences persist. Studies indicate that students often associate climate change primarily with visible pollution, such as vehicle emissions, but may overlook indirect causes like energy consumption and product life cycles (Cordero et al., 2008; Shepardson et al., 2010). Moreover, students’ attitudes toward climate change are generally concerned, but their willingness to engage in personal or collective mitigation actions varies depending on their understanding and educational exposure (O’Connor et al., 1999; Wachholz et al., 2014).
In the context of school-based climate change education, studies emphasize the importance of integrating both cognitive and emotional aspects of learning, enabling students not only to learn about climate science but also to manage the emotions associated with living in a changing climate (Rushton et al., 2023). Effective educational strategies employ active, student-centered learning approaches, such as the 5Elearning cycle, to enhance both knowledge and environmental attitudes among young learners (Karpudewan et al., 2014).
In the Indian context, climate change education has gained increasing attention due to the country’s high vulnerability to climate-related risks. Kerala, a coastal state in southern India, is particularly susceptible to climate change impacts such as floods, landslides, sea-level rise, and extreme rainfall events. Recent environmental disasters in the state have highlighted the importance of enhancing climate awareness and preparedness among the younger generation. Despite this vulnerability, empirical research examining climate literacy among secondary school students in Kerala remains limited.
Understanding students’ knowledge, attitudes, and perceptions toward climate change is essential for designing effective educational interventions and policies. Assessing these dimensions provides insights into how students conceptualize climate change, how concerned they are about its impacts, and how they perceive responsibility and solutions at individual, community, and institutional levels. Such evidence is crucial for strengthening climate change education and aligning it with local environmental realities.
Against this backdrop, the present study aims to examine climate literacy among  secondary school students in Kerala, with a specific focus on their knowledge, attitudes, and perceptions toward climate change. By analyzing these dimensions, the study seeks to contribute to the existing literature on climate education and provide empirical evidence to inform curriculum development, teacher training, and policy initiatives aimed at promoting climate literacy and sustainable citizenship among students.

2 AIM AND OBJECTIVES OF THE STUDY
To assess the level and underlying dimensions of climate literacy among  secondary school students in Kerala, with specific reference to their knowledge, attitudes, and perceptions toward climate change.
1. To assess the level of climate change knowledge among secondary school students.
2. To examine the attitudes of secondary school students toward climate change and environmental responsibility.
3. To analyze students’ perceptions and beliefs regarding the seriousness and impacts of climate change.
     4.To identify the key dimensions of climate literacy among secondary school students using Exploratory Factor Analysis
3 METHODS
 The study adopted a quantitative, cross-sectional survey design to assess the level of climate literacy among secondary school students, focusing on three core dimensions—knowledge, attitudes, and perceptions toward climate change—using Exploratory Factor Analysis (EFA) to identify underlying latent dimensions. The research was conducted among students of Classes IX and X (aged 13–16 years) enrolled in government and aided schools in Kerala, India, a region selected due to its high vulnerability to climate-related hazards such as floods, landslides, and extreme rainfall. A multistage stratified random sampling technique was employed, wherein schools were first stratified by management type, followed by random selection of classes and students, resulting in a final sample of 420 students, which met the recommended criteria for factor analysis. Data were collected using a structured questionnaire developed from established climate literacy frameworks and empirical literature, comprising sections on socio-demographic characteristics, climate change knowledge, attitudes toward climate change, and perceptions and beliefs, with responses measured on a five-point Likert scale. Content validity was ensured through expert review, and reliability was established via a pilot study and Cronbach’s alpha values exceeding 0.70. After obtaining necessary permissions and informed consent, questionnaires were administered in classroom settings with assurances of confidentiality and voluntary participation. Data were analyzed using SPSS, employing descriptive statistics and tests of suitability for factor analysis, including the Kaiser–Meyer–Olkin measure and Bartlett’s Test of Sphericity, followed by EFA using Principal Component Analysis with Varimax rotation, retaining factors with eigenvalues greater than one and factor loadings of 0.50 or above. Extracted factors were conceptually interpreted to represent key dimensions of climate literacy, such as climate science knowledge, environmental concern, perceived climate risk, and action orientation, and factor scores were optionally used to construct a composite Climate Literacy Index. Ethical standards were strictly maintained throughout the study, though limitations include reliance on self-reported data and the context-specific nature of the findings.
4.RESULTS
This section presents the findings of the study on climate literacy among secondary school students in Kerala. The analysis is based on data collected from 420 students using a structured questionnaire designed to assess climate change knowledge, attitudes, and perceptions. Descriptive statistics were employed to summarize the overall trends and distribution of responses across the key variables of the study. Further, the suitability of the data for factor analysis was examined using the Kaiser–Meyer–Olkin (KMO) measure and Bartlett’s Test of Sphericity. Exploratory Factor Analysis (EFA) was then conducted to identify the underlying dimensions of climate literacy and to examine the factor structure of the instrument. The results are presented systematically in relation to the study objectives, highlighting key patterns, dominant factors, and meaningful insights into students’ levels of climate literacy.
Table 1  Descriptive Statistics of Climate Literacy Variables
	L. No.
	Scale
	Variables
	Mean
	Std. Deviation
	Analysis (Samples)

	1
	K1
	Climate change refers to long-term changes in temperature and weather patterns.
	2.72
	0.874
	420

	2
	K2
	Human activities such as burning fossil fuels contribute to climate change.
	2.72
	0.856
	420

	3
	K3
	Greenhouse gases trap heat in the Earth’s atmosphere.
	2.7
	0.869
	420

	4
	K4
	Deforestation increases the impacts of climate change.
	2.64
	0.854
	420

	5
	K5
	Climate change can cause floods, droughts, and sea-level rise.
	2.66
	0.885
	420

	6
	K6
	Kerala is vulnerable to climate-related disasters due to climate change.
	2.73
	0.894
	420

	7
	K7
	Renewable energy can help reduce climate change impacts.
	2.76
	0.886
	420

	8
	K8
	Climate change affects biodiversity and ecosystems.
	2.69
	0.919
	420

	9
	K9
	Climate change has both global and local impacts.
	2.65
	0.926
	420

	10
	K10
	Individual actions can contribute to climate change mitigation.
	2.64
	0.867
	420

	11
	A1
	I am concerned about the impacts of climate change on the future.
	3.76
	0.789
	420

	12
	A2
	Climate change is one of the most serious environmental problems today.
	3.83
	0.819
	420

	13
	A3
	I feel responsible for protecting the environment.
	3.79
	0.807
	420

	14
	A4
	Schools should play an important role in climate change education.
	3.75
	0.84
	420

	15
	A5
	I feel motivated to learn more about climate change.
	3.78
	0.811
	420

	16
	A6
	Young people can play a role in addressing climate change.
	3.8
	0.825
	420

	17
	A7
	I feel worried about how climate change will affect Kerala.
	3.75
	0.79
	420

	18
	A8
	Climate-friendly behaviour should be encouraged among students.
	3.78
	0.822
	420

	19
	A9
	I feel proud when I take actions that protect the environment.
	3.83
	0.804
	420

	20
	A10
	Climate change education should be strengthened in the school curriculum.
	3.77
	0.765
	420

	21
	P1
	Climate change is already affecting our daily life in Kerala.
	3.56
	0.817
	420

	22
	P2
	Floods and landslides in Kerala are linked to climate change.
	3.57
	0.861
	420

	23
	P3
	Climate change will affect my own life in the future.
	3.63
	0.879
	420

	24
	P4
	Climate change information provided by scientists is trustworthy.
	3.6
	0.828
	420

	25
	P5
	Media plays an important role in creating climate change awareness.
	3.63
	0.823
	420

	26
	P6
	Climate change impacts are exaggerated. (Reverse-coded)
	3.62
	0.819
	420

	27
	P7
	Climate change is caused mainly by natural processes. (Reverse-coded)
	3.54
	0.818
	420

	28
	P8
	Government actions can reduce climate change impacts.
	3.58
	0.812
	420

	29
	P9
	Communities can adapt to climate change with proper planning.
	3.65
	0.835
	420

	30
	P10
	Lack of awareness increases the impacts of climate change.
	3.6
	0.856
	420
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Figure 1. Students exhibited moderate levels of climate change knowledge
Figure 1, shows  students exhibited moderate levels of climate change knowledge (M ≈ 2.69), while their attitudes (M ≈ 3.78) and perceptions (M ≈ 3.60) toward climate change were comparatively higher, indicating a positive disposition despite limited conceptual knowledge.
 5.Descriptive Statistics of Climate Literacy Variables
Descriptive statistics were computed to summarize the responses of 420 secondary school students regarding their knowledge, attitudes, and perceptions toward climate change. Mean scores and standard deviations for all items are presented in Table 1 and Figure 1.
 5.1 Knowledge of Climate Change
The mean scores for the knowledge items (K1–K10) ranged from 2.64 to 2.76, indicating a moderate level of climate change knowledge among the respondents. The highest mean score was observed for K7 (Renewable energy can help reduce climate change impacts) (M = 2.76, SD = 0.886), followed closely by K6 (Kerala is vulnerable to climate-related disasters) (M = 2.73, SD = 0.894).Relatively lower mean scores were noted for K4 (Deforestation increases the impacts of climate change) and K10 (Individual actions can contribute to climate change mitigation) (M = 2.64 for both), suggesting limited awareness of the role of human actions and environmental practices in climate change mitigation. The standard deviation values for the knowledge items ranged from 0.854 to 0.926, indicating moderate variability in students’ responses.Overall, these findings suggest that while students possess basic awareness of climate change concepts, there remains scope for strengthening their conceptual understanding.
5.2 Attitudes toward Climate Change
The attitude items (A1–A10) recorded relatively high mean scores, ranging from 3.75 to 3.83, reflecting a strongly positive attitude toward climate change issues among the students. The highest mean scores were observed for A2 (Climate change is one of the most serious environmental problems today) and A9 (I feel proud when I take actions that protect the environment) (M = 3.83), indicating high levels of concern and personal engagement.Similarly, items related to the role of education and youth participation, such as A4 (Schools should play an important role in climate change education) and A6 (Young people can play a role in addressing climate change), also showed high mean values (M ≈ 3.75–3.80). The standard deviations ranged from 0.765 to 0.840, suggesting relatively consistent attitudes across respondents.These results indicate that students demonstrate a strong sense of concern, responsibility, and motivation regarding climate change.
5.3Perceptions of Climate Change
The mean scores for perception items (P1–P10) ranged from 3.54 to 3.65, indicating moderately high levels of perceived awareness and understanding of climate change impacts. The highest mean score was found for P9 (Communities can adapt to climate change with proper planning) (M = 3.65, SD = 0.835), followed by P3 and P5 (M = 3.63), suggesting optimism regarding adaptation and the role of media and future impacts.Reverse-coded items such as P6 (Climate change impacts are exaggerated) and P7 (Climate change is caused mainly by natural processes) also showed relatively high mean scores after reverse coding (M = 3.62 and 3.54, respectively), indicating that most students disagreed with climate change skepticism. Standard deviations for perception items ranged from 0.812 to 0.879, reflecting moderate variation in perceptions. Overall, the findings suggest that students generally perceive climate change as a real and pressing issue with tangible local impacts.In summary, the descriptive analysis reveals that while knowledge levels of climate change among secondary school students are moderate, their attitudes and perceptions are strongly positive. This gap highlights the need for enhanced climate education in schools to translate positive attitudes and perceptions into deeper scientific understanding and informed action.“The results indicate moderate levels of climate change knowledge but high levels of positive attitudes and perceptions among secondary school students in Kerala.”
Table 2 KMO and Bartlett's Test
	KMO and Bartlett's Test

	Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
	0.517

	Bartlett's Test of Sphericity
	Approx. Chi-Square
	565.089

	
	Df
	435

	
	Sig.
	0



The Kaiser–Meyer–Olkin measure of sampling adequacy was 0.517, indicating a marginal but acceptable level for factor analysis. Bartlett’s test of sphericity was significant (χ² = 565.089, df = 435, p < 0.001), confirming that the correlation matrix was suitable for factor extraction.
6 Total Variance Explained
Exploratory Factor Analysis (EFA) was conducted to examine the underlying factor structure of the scale. The extraction was based on the Kaiser criterion (eigenvalues > 1). As shown in the Total Variance Explained(Table 3 and Figure2 ), 15 components were retained for further analysis, each with an eigenvalue greater than 1.0.The initial eigenvalues indicate that the first component accounted for 6.47% of the total variance, while subsequent components explained between 3.34% and 4.76% of the variance individually. Collectively, the 15 retained components explained 62.47% of the total variance, which exceeds the minimum threshold of 60% commonly considered acceptable for social science research.After extraction, the Extraction Sums of Squared Loadings remained identical to the initial eigenvalues, confirming that the retained components adequately represented the variance in the dataset. To enhance interpretability, rotation was applied, resulting in a more balanced distribution of variance across factors. Following rotation, each component contributed approximately 3.83% to 4.63% of the variance, while the cumulative variance explained remained unchanged at 62.47%.The rotated solution indicates that the variance was more evenly distributed among the retained components, suggesting a multidimensional structure of the construct under study. This supports the view that climate literacy among secondary school student encompasses multiple interrelated dimensions rather than a single dominant factor.
Table  3  Total variance explained
	Total Variance Explained

	Component
	Initial Eigenvalues
	Extraction Sums of Squared Loadings
	Rotation Sums of Squared Loadings

	
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %

	1
	1.941
	6.472
	6.472
	1.941
	6.472
	6.472
	1.387
	4.625
	4.625

	2
	1.427
	4.758
	11.23
	1.427
	4.758
	11.23
	1.332
	4.441
	9.066

	3
	1.416
	4.718
	15.948
	1.416
	4.718
	15.948
	1.321
	4.404
	13.47

	4
	1.35
	4.499
	20.447
	1.35
	4.499
	20.447
	1.307
	4.358
	17.827

	5
	1.316
	4.385
	24.832
	1.316
	4.385
	24.832
	1.296
	4.321
	22.149

	6
	1.292
	4.306
	29.138
	1.292
	4.306
	29.138
	1.283
	4.275
	26.424

	7
	1.228
	4.095
	33.233
	1.228
	4.095
	33.233
	1.27
	4.235
	30.659

	8
	1.213
	4.043
	37.275
	1.213
	4.043
	37.275
	1.214
	4.046
	34.705

	9
	1.164
	3.88
	41.155
	1.164
	3.88
	41.155
	1.208
	4.028
	38.733

	10
	1.138
	3.795
	44.95
	1.138
	3.795
	44.95
	1.204
	4.013
	42.747

	11
	1.11
	3.701
	48.65
	1.11
	3.701
	48.65
	1.204
	4.012
	46.758

	12
	1.064
	3.545
	52.196
	1.064
	3.545
	52.196
	1.203
	4.012
	50.77

	13
	1.056
	3.521
	55.716
	1.056
	3.521
	55.716
	1.2
	4
	54.77

	14
	1.023
	3.41
	59.127
	1.023
	3.41
	59.127
	1.161
	3.869
	58.639

	15
	1.003
	3.342
	62.468
	1.003
	3.342
	62.468
	1.149
	3.83
	62.468



Figure 2  ScreePlot
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Table 4Factor 1 “Climate Change Impacts and Adaptive Awareness”
	Sl.No.
	Variable
	Eigen value

	1
	K4. Deforestation increases the impacts of climate change.
	0.724

	2
	K8. Climate change affects biodiversity and ecosystems.
	0.417

	3
	P9. Communities can adapt to climate change with proper planning.
	0.295

	4
	K3. Greenhouse gases trap heat in the Earth’s atmosphere.
	0.295

	5
	K10. Individual actions can contribute to climate change mitigation.
	0.274

	6
	K5. Climate change can cause floods, droughts, and sea-level rise.
	0.267




6.1 Factor 1 “Climate Change Impacts and Adaptive Awareness”
The exploratory factor analysis revealed a distinct factor comprising six items related to the causes, impacts, and responses to climate change. (Table 4).The item with the highest loading was K4 (Deforestation increases the impacts of climate change) (loading = 0.724), indicating that students strongly associated land-use change with climate change impacts. This was followed by K8 (Climate change affects biodiversity and ecosystems) (loading = 0.417), reflecting awareness of ecological consequences.Items related to adaptation and mitigation, such as P9 (Communities can adapt to climate change with proper planning) (loading = 0.295) and K10 (Individual actions can contribute to climate change mitigation) (loading = 0.274), suggest that students recognize both collective and individual roles in addressing climate change. Additionally, the inclusion of K3 (Greenhouse gases trap heat in the Earth’s atmosphere) (loading = 0.295) indicates basic understanding of the scientific mechanism underlying climate change, while K5 (Climate change can cause floods, droughts, and sea-level rise) (loading = 0.267) highlights awareness of climate-related hazards.Overall, this factor reflects an integrated understanding of climate change processes, impacts, and adaptive responses, suggesting that students perceive climate change as a multifaceted issue linking environmental degradation, scientific causes, and societal action.Suggested Title for the factor Dimension is “Climate Change Impacts and Adaptive Awareness”

Table 5 Factor 2 “Local Climate Vulnerability and Educational Responsibility”
	Sl. No.
	Variable
	Eigen Value

	1
	K5. Climate change can cause floods, droughts, and sea-level rise.
	0.641

	2
	K6. Kerala is vulnerable to climate-related disasters due to climate change.
	0.600

	3
	A4. Schools should play an important role in climate change education.
	0.489



6.2  Factor 2 “Local Climate Vulnerability and Educational Responsibility
This factor comprises three items that reflect students’ understanding of local climate risks and the role of education in addressing climate change. (Table 5) The item with the highest loading was K5 (Climate change can cause floods, droughts, and sea-level rise) (loading = 0.641), indicating strong awareness of climate-induced hazards. This was closely followed by K6 (Kerala is vulnerable to climate-related disasters due to climate change) (loading = 0.600), highlighting students’ recognition of the regional susceptibility of Kerala to climate change impacts.The inclusion of A4 (Schools should play an important role in climate change education) (loading = 0.489) suggests that students associate local climate risks with the need for institutional and educational responses. Together, these items indicate that students not only perceive climate change as a global phenomenon but also recognize its local consequences and the importance of education in building resilience.Overall, this factor represents a localized and action-oriented understanding of climate change, emphasizing both environmental vulnerability and the role of schools in climate awareness and preparedness.
Table  6 Factor 3 “Environmental Responsibility and Climate Impact Awareness”
	Sl.No.
	Variable
	Eigen Value

	1
	A3. I feel responsible for protecting the environment.
	0.721

	2
	K9. Climate change has both global and local impacts.
	0.582

	3
	K7. Renewable energy can help reduce climate change impacts.
	-0.445



6.3 Factor 6  “Environmental Responsibility and Climate Impact Awareness

This factor represents students’ sense of environmental responsibility and solution-oriented understanding of climate change. (Table 6).The highest loading item, A3 (I feel responsible for protecting the environment) (loading = 0.721), indicates a strong personal sense of responsibility toward environmental protection. This is complemented by K9 (Climate change has both global and local impacts) (loading = 0.582), suggesting that students who feel environmentally responsible also demonstrate an awareness of the multi-scale impacts of climate change.
The item K7 (Renewable energy can help reduce climate change impacts) shows a negative loading (loading = −0.445), indicating an inverse relationship with the other items in this factor. This suggests that while students acknowledge personal responsibility and recognize the global and local dimensions of climate change, their understanding or confidence in renewable energy as a mitigation strategy may differ, reflecting variation in solution-oriented knowledge.
Overall, this factor captures an attitudinal and cognitive orientation toward environmental responsibility, combined with awareness of climate change impacts, highlighting the complexity of students’ perceptions regarding personal responsibility and technological solutions.

Table 7 Factor 4     “Anthropogenic Causes and Pro-Environmental Climate Action”
	Sl.No.
	Variable
	Eigen Value

	1
	K2. Human activities such as burning fossil fuels contribute to climate change.
	0.720

	2
	A8. Climate-friendly behaviour should be encouraged among students.
	0.465

	3
	K7. Renewable energy can help reduce climate change impacts.
	0.387

	4
	P2. Floods and landslides in Kerala are linked to climate change.
	0.329

	5
	K9. Climate change has both global and local impacts.
	0.300



6.4 Factor 4     “Anthropogenic Causes and Pro-Environmental Climate Action”
This factor reflects students’ understanding of human-induced climate change and pro-environmental action.(Table 7) The highest loading item, K2 (Human activities such as burning fossil fuels contribute to climate change) (loading = 0.720), indicates a strong recognition of anthropogenic causes of climate change. This awareness is closely linked with A8 (Climate-friendly behaviour should be encouraged among students) (loading = 0.465), suggesting that students who understand human causation also support behavioural change as a response.
Items related to mitigation strategies and impact awareness, such as K7 (Renewable energy can help reduce climate change impacts) (loading = 0.387) and P2 (Floods and landslides in Kerala are linked to climate change) (loading = 0.329), further indicate that students associate human actions with both solutions and real-world consequences. Additionally, K9 (Climate change has both global and local impacts) (loading = 0.300) highlights an integrated understanding of climate change across multiple spatial scales.Overall, this factor represents a holistic perception of climate change, encompassing its human causes, behavioural responses, mitigation strategies, and local impacts.

Table 8 Factor 5 “Foundational Climate Knowledge and Awareness Sources”

	Sl.No.
	Variable
	Eigen Value

	1
	K1. Climate change refers to long-term changes in temperature and weather patterns.
	0.503

	2
	P5. Media plays an important role in creating climate change awareness.
	0.392

	3
	K8. Climate change affects biodiversity and ecosystems.
	0.323

	4
	A5. I feel motivated to learn more about climate change.
	-0.744



6.5 Factor 5 “Foundational Climate Knowledge and Awareness Sources”
This factor represents students’ foundational understanding of climate change and the channels through which awareness is developed, particularly media and personal learning orientation. (Table 8 )The item with the highest positive loading, K1 (Climate change refers to long-term changes in temperature and weather patterns) (loading = 0.503), reflects students’ basic conceptual understanding of climate change. This is supported by P5 (Media plays an important role in creating climate change awareness) (loading = 0.392), indicating recognition of media as a key source of climate-related information.
Additionally, K8 (Climate change affects biodiversity and ecosystems) (loading = 0.323) highlights awareness of ecological consequences, reinforcing the knowledge-based nature of this factor. In contrast, A5 (I feel motivated to learn more about climate change) shows a strong negative loading (loading = −0.744), suggesting an inverse relationship between perceived foundational knowledge and self-reported motivation to seek further information. This may indicate that students who believe they already understand climate change concepts feel less need for additional learning, or it may reflect variation in intrinsic learning motivation.Overall, this factor captures the interplay between basic climate knowledge, information sources, and learning motivation, underscoring the role of awareness channels in shaping students’ understanding of climate change.“Foundational Climate Knowledge and Awareness Sources”
7 DISCUSSION
The present study examined the level and dimensions of climate literacy among secondary school students in Kerala through descriptive statistics and exploratory factor analysis. The findings reveal an important pattern: while students demonstrate moderate levels of climate change knowledge, their attitudes and perceptions toward climate change are strongly positive. This divergence between cognitive understanding and affective orientation has significant implications for climate education and policy.
The descriptive analysis indicates that students possess only a moderate understanding of climate change concepts, as reflected by mean scores ranging from 2.64 to 2.76 for knowledge items. Higher awareness of issues such as renewable energy and Kerala’s vulnerability to climate-related disasters suggests that students are more familiar with visible impacts and commonly discussed topics. However, comparatively lower awareness of deforestation and individual mitigation actions highlights gaps in understanding the role of human behaviour and environmental practices in climate change processes. Students in Kerala demonstrate higher awareness of visible and commonly discussed climate change issues such as renewable energy and the State's vulnerability to climate-related disasters, reflecting familiarity with tangible and locally relevant impacts. However, research indicates relatively lower awareness regarding deforestation and individual mitigation actions, exposing gaps in understanding the critical role of human behaviour and everyday environmental practices in climate change processes. This pattern aligns with broader findings that climate literacy programs often emphasize biophysical science while underrepresenting social drivers and individual behavioural dimensions necessary for effective mitigation (Shwom et al., 2017).Furthermore, individual actions, which collectively influence emission trajectories, are often insufficiently understood or practiced by students, suggesting the need to strengthen climate education curricula with greater emphasis on personal and community mitigation strategies (Ratinen, 2021).
Addressing these knowledge gaps requires integrating social science perspectives into climate literacy, which can illuminate the linkages between human behaviour, policy, and environmental outcomes, thereby empowering students to engage as informed actors in climate action (Shwom et al., 2017). Such educational enhancements would balance understanding of visible climate impacts with deeper recognition of underlying behavioural and systemic factors essential for sustainable mitigation and adaptation efforts. This finding aligns with earlier studies that report superficial climate knowledge among adolescents despite growing exposure to climate-related information. The moderate variability in responses further suggests uneven dissemination and internalization of scientific climate knowledge among students.
In contrast, students’ attitudes toward climate change were strongly positive, with consistently high mean scores across all attitude items. Students expressed strong concern about climate change, a sense of personal and collective responsibility, and confidence in the role of education and youth participation. This reflects a high level of moral and emotional engagement with climate issues, possibly influenced by Kerala’s frequent exposure to climate-related disasters and public discourse on environmental sustainability. Students in Kerala demonstrate strong concern about climate change, accompanied by a pronounced sense of personal and collective responsibility. This moral and emotional engagement is reflected in their confidence in education's role and youth participation in climate action. Such engagement is likely influenced by Kerala's frequent exposure to climate-related disasters, such as the severe 2018 floods, which have been linked to climate variability and intensification (Hunt & Menon, 2020). The lived experience of these events, combined with active public discourse on environmental sustainability, appears to heighten students' affective connection to climate issues.
Research indicates that emotional factors play a critical role in motivating pro-environmental behaviour, with narrative and experiential learning approaches fostering deeper engagement by eliciting climate-related emotions like hope, concern, and anxiety (Morris et al., 2019).This moral and emotional engagement provides a foundation for nurturing proactive climate citizenship through education and community involvement. Students in Kerala demonstrate strong concern about climate change, accompanied by a pronounced sense of personal and collective responsibility. This moral and emotional engagement is reflected in their confidence in education's role and youth participation in climate action. Such engagement is likely influenced by Kerala's frequent exposure to climate-related disasters, such as the severe 2018 floods, which have been linked to climate variability and intensification (Hunt & Menon, 2020). The lived experience of these events, combined with active public discourse on environmental sustainability, appears to heighten students' affective connection to climate issues.
Similarly, students’ perceptions of climate change were moderately high, indicating that they largely perceive climate change as real, serious, and locally relevant. The rejection of climate skepticism, as shown by reverse-coded items, suggests trust in scientific explanations and awareness of anthropogenic causes. Students’ optimism regarding community adaptation and planning further indicates a forward-looking and solution-oriented mindset. Together, these findings suggest that students are cognitively and emotionally receptive to climate action, creating a strong foundation for deeper educational interventions.
The suitability of the data for factor analysis, confirmed by Bartlett’s Test of Sphericity and an acceptable KMO value, enabled the identification of multiple dimensions underlying climate literacy. The extraction of 15 factors explaining over 62% of the total variance supports the multidimensional nature of climate literacy, encompassing knowledge, attitudes, perceptions, responsibility, and action orientation rather than a single unified construct.
The first extracted factor, Climate Change Impacts and Adaptive Awareness, reflects an integrated understanding of climate science, environmental degradation, impacts, and responses. Climate change impacts and adaptive awareness encompass an integrated understanding of climate science, environmental degradation, climate impacts, and response strategies. This integrated perspective recognizes that climate change profoundly affects ecosystems, agriculture, water resources, and human livelihoods through complex biophysical and socio-economic pathways (Webb et al., 2017). Land degradation, for example, exacerbates vulnerability by reducing the resilience of agroecological systems to climate stresses, highlighting the need to incorporate land degradation processes into adaptation planning to enhance climate resilience (Webb et al., 2017).
Effective adaptive awareness involves understanding both mitigation and adaptation strategies, though education often emphasizes mitigation more than adaptation, leaving knowledge gaps in adaptive responses (Bofferding & Kloser, 2014). Locally grounded ecological knowledge plays a crucial role in identifying climate change impacts like temperature rise, altered precipitation, and their effects on livelihoods, while also fostering ecosystem-based adaptation strategies that promote resilience at community scales (Kupika et al., 2019).Overall, climate change impacts and adaptive awareness reflect a multidimensional framework that integrates scientific knowledge with practical adaptive actions, social contexts, and policy dimensions to effectively manage vulnerabilities and build resilience against the accelerating challenges posed by climate change. Students’ strong association of deforestation with climate impacts indicates awareness of human–environment interactions, while the inclusion of adaptation and mitigation items highlights recognition of both individual and collective roles. This suggests that students view climate change as a complex issue linking causes, consequences, and solutions.
The second factor, Local Climate Vulnerability and Educational Responsibility, emphasizes students’ awareness of Kerala’s specific climate risks and the perceived role of schools in addressing these challenges. This localized understanding underscores the influence of lived experiences, such as floods and landslides, in shaping climate literacy. Students in Kerala exhibit heightened awareness of the region’s specific climate vulnerabilities, including frequent exposure to floods, landslides, and other climate-related disasters. This localized understanding of climate risks deeply influences their climate literacy, grounding abstract global issues in tangible lived experiences (Hunt & Menon, 2020). Schools play a pivotal role in this process by acting as critical platforms for climate change education, fostering awareness, knowledge, and preparedness among students (Newsome et al., 2023). Such education not only equips students with scientific insights but also empowers them to perceive their role in mitigating risks and participating in adaptation actions.
Climate change education programs that emphasize local, actionable content tend to be more effective in motivating student engagement and behavioral change. This connection between local vulnerabilities and educational responsibility is crucial, as it enables students to better understand and respond to the environmental challenges faced by their communities (Anderson, 2012). Furthermore, by incorporating disaster risk reduction into the curriculum, schools help build resilience and preparedness among young people, thereby reducing future vulnerabilities (Climate Change, Extreme Events and Disaster Risk Reduction, 2018; Seddighi et al., 2020).In sum, the direct impacts of climate events experienced in Kerala underscore the necessity for schools to prioritize climate education that contextualizes global change within local realities. This approach not only strengthens climate literacy but also nurtures a sense of collective responsibility and proactive citizenship among students, positioning education as a cornerstone in addressing regional climate risks.It also reinforces the importance of  students place on formal education as a key mechanism for climate awareness and resilience building.
The third factor, Environmental Responsibility and Climate Impact Awareness, highlights a strong sense of personal responsibility coupled with awareness of global and local climate impacts. However, the negative loading of renewable energy suggests inconsistencies in students’ understanding of technological solutions, indicating the need for clearer integration of mitigation strategies within environmental education. However, inconsistencies exist in students’ understanding of technological mitigation strategies, particularly renewable energy. Some students exhibit misconceptions or negative perceptions regarding renewable energy solutions, suggesting an incomplete or unclear grasp of their role in climate mitigation (Bofferding & Kloser, 2014; Papadimitriou, 2004). Well-designed climate science education that combines system knowledge (how climate works) with action knowledge (ways to address it) can help address such gaps and foster coherent, informed attitudes toward emerging climate solutions (Bofferding & Kloser, 2014).Improved teaching approaches that emphasize not only scientific literacy but also critical evaluation of technologies like renewables are necessary. 
The fourth factor, Anthropogenic Causes and Pro-Environmental Climate Action, reflects a holistic perception of climate change that connects human activities, behavioural change, mitigation strategies, and local impacts. This factor demonstrates that students who recognize human causation are more likely to support climate-friendly behaviours, reinforcing the importance of emphasizing anthropogenic drivers in climate education.Students who recognize anthropogenic causes of climate change tend to display a holistic understanding that connects human activities with behavioural change, mitigation strategies, and local environmental impacts. Research shows that acceptance of the scientific consensus on human-induced climate change correlates strongly with increased concern, climate identity, and support for pro-environmental actions (Sauer et al., 2021). Education that explicitly emphasizes anthropogenic drivers plays a vital role in fostering this understanding and motivating climate-friendly behaviors (Hoffmann &Muttarak, 2020; Ofori et al., 2023).
Furthermore, educational interventions that improve students’ knowledge of climate change causes and consequences enhance their sense of self-efficacy and willingness to engage in mitigation behaviours, such as energy conservation, recycling, tree planting, and responsible consumption (Hoffmann &Muttarak, 2020; Muroi& Bertone, 2019). Conversely, misconceptions about climate change mechanisms can reduce readiness to act, highlighting the importance of clear, accurate climate science education (Seroussi et al., 2019).
Research also indicates that the messenger delivering climate messages influences support for pro-environmental actions, particularly among politically conservative individuals, suggesting tailored communication strategies can maximize impact (Sauer et al., 2021). Holistic climate education that integrates scientific facts with ethical and social dimensions encourages students to link knowledge of human causes with practical responses and local relevance, reinforcing their motivation to contribute constructively to climate solutions (Rousell & Cutter-Mackenzie-Knowles, 2019).
The fifth factor, Foundational Climate Knowledge and Awareness Sources, encapsulates students’ basic understanding of climate change concepts while highlighting the influential role of media and learning motivation. Research suggests that students who perceive themselves as already knowledgeable about climate change commonly shows reduced motivation to pursue further learning, revealing a potential complacency effect. This phenomenon indicates that a sense of sufficient understanding may lead to a diminished drive to deepen or expand knowledge, possibly hindering the development of more sophisticated and comprehensive climate literacy (Tan et al., 2017).Addressing this complacency requires educational strategies that actively challenge students beyond surface-level awareness. Employing engaging pedagogical tools, such as gamification and interactive learning environments, has been shown to enhance learning motivation and foster deeper conceptual understanding by maintaining students’ curiosity and encouraging creative problem-solving (Kuo et al., 2022;). Additionally, integrating real-world and local relevance into climate education can counterbalance complacency by connecting foundational knowledge to tangible impacts and personal responsibility.
The role of media as a primary source of awareness also suggests that critical media literacy education is vital. Students must be equipped not only with climate knowledge but also with the skills to evaluate and interpret information critically, thereby sustaining their motivation to learn continually and to discern between superficial coverage and scientifically robust content (Greenhow et al., 2019). Consequently, climate education should employ methodologies that prompt reflection, self-regulation, and ongoing engagement to prevent complacency, ensuring learners remain actively motivated in their pursuit of climate literacy.
Overall, the findings suggest that secondary school students in Kerala are emotionally engaged and perceptually aware of climate change but lack depth in scientific understanding and solution-oriented knowledge. This gap underscores the need for curriculum reforms that move beyond awareness-building to focus on conceptual clarity, critical thinking, and actionable climate literacy. Strengthening the integration of local context, scientific mechanisms, and practical mitigation strategies in school education may help translate positive attitudes and perceptions into informed and sustained climate action.Secondary school students in Kerala demonstrate emotional engagement and perceptual awareness of climate change, yet they exhibit significant deficiencies in scientific understanding and solution-oriented knowledge. This aligns with broader research indicating that while students may believe in the reality of climate change, they often hold limited or fragmented conceptualizations of climate systems, causal mechanisms, and actionable responses (Mcneill& Vaughn, 2010; Shepardson et al., 2012). Such gaps inhibit the development of critical science agency, which is essential for translating awareness into meaningful personal and community action against climate change (Mcneill& Vaughn, 2010). Curriculum reforms in Kerala's secondary education should therefore prioritize conceptual clarity and scientific literacy that emphasize the climate system’s complexity, integrating natural and anthropogenic influences on climate (Shepardson et al., 2012). Reform efforts should also embed local context and real-world mitigation strategies to make climate education more relevant and actionable, helping students connect global issues to local impacts and responses (Mcneill& Vaughn, 2010; Siegner & Stapert, 2019). By strengthening the integration of scientific mechanisms, contextual relevance, and practical mitigation strategies, Kerala’s secondary education can move beyond superficial awareness towards fostering informed, sustained climate action among youth.

8 CONCLUSION
The present study examined climate literacy among secondary school students in Kerala, a region highly vulnerable to climate change impacts, with a focus on students’ knowledge, attitudes, and perceptions. The findings clearly demonstrate that while students exhibit strong concern for climate change and positive attitudes toward environmental responsibility, their scientific understanding of climate change remains moderate and uneven. This imbalance highlights a significant knowledge–attitude gap, where emotional engagement and perceived seriousness of climate change are not sufficiently supported by deep conceptual clarity or solution-oriented understanding.
Descriptive analysis revealed that students were more aware of visible and locally experienced climate issues, such as renewable energy and regional climate vulnerability, but showed weaker understanding of critical drivers such as deforestation and individual mitigation actions. At the same time, students expressed high levels of concern, responsibility, and optimism regarding adaptation and education, suggesting strong receptivity to climate action if supported by effective educational interventions. The low levels of climate skepticism further indicate trust in scientific explanations and an openness to learning.
Exploratory Factor Analysis confirmed that climate literacy is a multidimensional construct encompassing scientific knowledge, local vulnerability awareness, environmental responsibility, anthropogenic causation, and information sources. The extracted factors demonstrate that students perceive climate change as an interconnected issue linking human activities, ecological impacts, societal responsibility, and educational roles. However, inconsistencies—such as uncertainty regarding renewable energy solutions and reduced motivation to learn more among students who perceive themselves as knowledgeable—point to gaps in pedagogical depth and critical engagement.
Overall, the study underscores the urgent need to strengthen climate education at the secondary school level. While Kerala’s students are emotionally engaged and perceptually aware of climate risks, particularly at the local level, their limited understanding of scientific mechanisms and actionable pathways may constrain their ability to participate effectively in long-term mitigation and adaptation efforts. Addressing this gap is essential for developing informed, responsible, and empowered future citizens capable of responding to climate challenges.
Future Recommendations
Based on the findings of the study, the following recommendations are proposed to enhance climate literacy among secondary school students:
1. Curriculum Enhancement
Climate change education should move beyond awareness-based content to emphasize scientific mechanisms, human drivers, and evidence-based mitigation and adaptation strategies. Greater integration of concepts such as land-use change, individual responsibility, and climate solutions is essential.
2. Context-Specific and Experiential Learning
Educational programs should incorporate local climate experiences, such as floods and landslides in Kerala, to contextualize climate change and strengthen students’ understanding of cause–effect relationships. Field-based learning, case studies, and community projects can help translate theory into practice.
3. Student-Centred and Action-Oriented Pedagogy
Active learning approaches—including project-based learning, debates, simulations, and problem-solving activities—should be adopted to sustain students’ motivation and counter complacency among those who perceive themselves as already knowledgeable.
4. Strengthening Teacher Training and School Responsibility
Teachers should be provided with specialized training and updated resources to deliver interdisciplinary and solution-oriented climate education. Schools should be positioned as key agents in building climate resilience and environmental citizenship.
5. Critical Media and Information Literacy
Given the role of media in shaping climate awareness, students should be equipped with skills to critically evaluate climate information, distinguish scientific evidence from misinformation, and engage responsibly with digital and social media content.
6. Future Research Directions
Further studies may adopt longitudinal or mixed-method approaches to examine changes in climate literacy over time and to explore the relationship between knowledge, attitudes, and actual climate-friendly behaviour. Comparative studies across regions and school types would also enhance the generalizability of findings.
By addressing these recommendations, climate education can better bridge the gap between awareness and action, enabling young learners to develop the knowledge, skills, and values necessary for informed and sustained engagement with climate change challenges.
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