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Abstract: Effective implementation of environmental education (EE) is to produce students who
have experienced an attitudinal change so that they can evaluate and show their concern for sus-
tainable development (SD). Environmental education (EE) was introduced as a compulsory subject
for schoolchildren in 2003. In the present study, we conducted an offline survey on senior primary,
middle, and high school students in one school in the north Indian city of Kanpur. The responses
received for the offline questionnaire survey QS (including open-ended and closed-ended questions)
from ~800 students reveal that schoolchildren have heard of climate change (CC) and perceive it
as a significant threat. Most of them feel that temperature rise is the most notable consequence of
CC and show great willingness for knowledge enhancement and action. However, there is a lack
of understanding of the difference between EE and CCE (climate change education) in the Indian
context. The results also indicate critical gaps related to the environmental dimension of education,
and students overwhelmingly want increased school activities that will enhance awareness and
build capacity. The need to integrate EE and CCE and spread information on the ESD (Education for
Sustainable Development) initiative of UNESCO in urban India is urgent. Social media emerges as a
significant player in awareness generation. Its use can help reach out to a broader audience. Students’
proactive engagement in awareness campaigns and energetic participation, already reported by
several studies to have a positive impact, is essential for promoting climate action and sustainability.
It sheds light on the status of the effectiveness of EE in the school curriculum of India with the aim of
promoting environmental literacy. The recent G-20 Summit held in New Delhi, India, recognized the
increased vulnerability of low-income countries to climate change and re-iterated its commitment
to delivering quality education to all and following a green development path and highlighted the
“green development path for a sustainable future” The paper outlines suggestions for educational
interventions to enhance students” comprehension of global critical environmental challenges and
promote mitigation strategies.

Keywords: survey; climate change; SDG 13; education for sustainable development; environmental
education; perceptions; urban India; social media; middle and senior secondary students; environmental
literacy

1. Introduction

India is highly vulnerable to the negative impacts of climate change (CC), i.e., long-
term shifts in temperatures and weather patterns, mainly caused by human activities. The
increasing frequency of climate-related disasters, population growth, and distribution,
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especially increased population density and urbanization, and the limitation of resources
increase vulnerability to disasters. The key drivers of this high vulnerability are the unsus-
tainable landscape, a lack of infrastructure planning, and human-induced microclimate
change [1]. Microclimatic conditions depend on factors such as temperature, humidity;,
wind, and turbulence. Geologic or artificial features that cause additional shading, heat
pockets, and precipitation can cause these changes. Adaptive capacity to extreme hydro-
met disasters in five out of six zones in India is stated to be low in a recent report (2021)
by CEEW (the Council on Energy, Environment, and Water, a non-profit think tank and
policy institution in India) [1]. According to the Children’s Climate Risk Index 2021 by the
United Nations International Children’s Emergency Fund (UNICEF), India is ranked 26th
out of 163 nations, highlighting its susceptibility to climate-related risks, particularly for its
young population.

The design of climate policy is influenced by the differing ways that individuals and
organizations perceive risks and uncertainties. According to a recent comprehensive global
study [2], in numerous African and Asian nations, the perception of local temperature
fluctuations emerged as the most significant predictor of climate risk perception. Individual
risk can be understood as the risk to which a particular individual is exposed at a specific
location in time and space. Individuals’ assessment of CC risks in Europe and Latin
America exhibited the most substantial correlation with their comprehension of human-
induced causes of CC. Recent studies [3,4] show that the global mean temperature has
already surpassed a 1 °C increase. Going over 1.5 °C yearly for a decade or two would
see far greater warming impacts, such as longer heat waves, more intense storms, and
wildfires. For developing nations such as India, this implies increased health stress, affecting
the poor and vulnerable, increased energy use, and biodiversity impacts, among other
dire consequences. The need of the hour is to increase the adaptive capacity of affected
communities and countries.

Through its Education for Sustainable Development (ESD) program [5], the United
Nations Educational, Scientific, and Cultural Organization (UNESCO) works to make
education a more central and visible part of the international response to climate change.
Sustainability education is often referred to as ESD. UNESCO’s Global Action Programme
(GAP) was launched at the World Conference on ESD in November 2014 in Aichi-Nagoya,
Japan. ESD has been defined by UNESCO as a holistic approach to education that em-
phasizes the interconnectedness of society, environment, and economy. This approach
promotes critical thinking, problem-solving, and active citizenship to address the challenges
and opportunities of sustainable development (SD) in a collaborative way [6].

In 2015, the United Nations (UN) adopted the 2030 Agenda for SD, which includes
17 Sustainable Development Goals (SDGs). ESD is explicitly recognized in the SD as part of
Target 4.7. SDG 4 seeks to “ensure that all learners acquire knowledge and skills needed to
promote SD, including, among others, through ESD sustainable lifestyles”. ESD plays a cru-
cial role in achieving these goals as it helps people understand and address the challenges
of sustainable development. Through ESD, learners are empowered to take transformative
actions to create a more sustainable world. The importance of promoting ESD is highlighted
when we note that 47% of national curriculum frameworks in 100 countries in a UNESCO
survey did not reference CC, and educators found it challenging to provide guidance on
measures for addressing CC mitigation [5].

Geographical location and socioeconomic status influence public awareness and per-
ceptions of CC. Rising temperatures have been noted as the main issue of concern by
students in rural areas in three Indian states, as noted in a recent report by UNICEF
(2022) [7]. Information on the awareness of young Indians about the causes and effects
of climate change is not readily available. This data scarcity creates a significant gap in
implementing policies and schemes aimed at climate change management strategies.

To address this data gap, we present an analysis of responses to a short questionnaire
survey (QS) conducted by a school in Northern India for students in grades 6 to 12 (middle
and high school students) as part of their recently launched the “Climate-smart school”
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initiative. The cross-sectional study was designed to collect data from many individuals
simultaneously and aims to evaluate young minds’ awareness and interest in action on
CC in urban North India. This article examines results from global studies among school
students, develops a rationale for this survey in urban India, and presents the critical gaps
in the Indian system related to environmental education (EE). The first-hand information
gained from this project is critical for designing necessary changes to the EE curriculum.

Interrelationship between EE, ESD, and CCE

EE, ESD, and climate change education (CCE) are deeply interconnected domains
that collectively aim to shape a responsible, informed, and proactive global citizenry. At
its core, EE provides learners with insights into the relationship between humans and
their environment, emphasizing the need for balance and stewardship [8]. ESD, a broader
construct, expands on this by addressing the necessity of educating individuals on creating
an equitable and sustainable future for all, encompassing socio-cultural, economic, and
environmental dimensions [9]. Among these dimensions, the urgent challenge posed by
climate change has given rise to CCE, which is a specialized subset of ESD that specifically
hones in on the causes, impacts, and mitigation strategies related to global CC and em-
powers people with the knowledge, skills, values, and attitudes needed to act as agents of
change [10].

It is important to understand that ESD acts as an intermediary between EE and CCE.
Together, these three domains promote a holistic understanding of our planet’s challenges
and the necessary individual and collective actions required. They encourage learners
to adopt sustainable lifestyles, advocate for policies that protect the environment, and
understand the intricacies of global interdependencies in the face of climate change.

The UNESCO 2017 report [5] on ESD learning objectives provides guidelines on “how
to use education, and in particular ESD, in achieving the SDGs, suggests topics and learning
activities for each SDG, among other things”. Competencies identified by UNESCO to
achieve the SDGs are summarized in Table 1. The competencies describe the specific
attributes individuals need for action and self-organization in various complex contexts
and situations and are generally seen as crucial to advancing to SD. Table S1 (Supporting
Information) provides the definitions of terms used in this collation of definitions of terms
used in this research article (from an international perspective).

Table 1. Competencies for achieving the Sustainable Development Goals (the table content has been
adapted from Box 1.1 in the UNESCO 2017 report [5].

S. No. Competency Develop Abilities to
1 System Thinking Recognize and understand relationships; deal with uncertainties
2 Anticipatory Assess the consequences of actions; and deal with risks and changes
3 Normative Negotiate sustainability V'filues, Prmc1ples, goals, and targets in a context of
conflicts of interest and trade-offs
4 Strategic Collectively develop and implement innovative actions that further
& sustainability at the local level and further afield

. Learn from others; understand and respect the needs, perspectives, and actions

5 Collaboration . . . .
of others; facilitate collaborative and participatory problem-solving
6 Critical Thinking Question norms, prac.tllces,.and oplnlops; r.eﬂect 9“ one’s values, and take a
position in the sustainability discourse.
7 Self-Awareness Reflect on one’s role in the local commum-ty and (g,lobal? society; continually
evaluate and further motivate one’s actions
Apply different problem-solving frameworks to complex sustainability

8 Integrated Problem-Solving problems and develop viable, inclusive, and equitable solution options that

promote sustainable Development

2. Outreach of EE among School Students

This section examines students” awareness of CC and the efficacy of EE in formal
curricula worldwide and in the Indian system.
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2.1. Worldwide

Evaluation of CC knowledge, concern, and behavior change has shown varying results
among schoolchildren. Di Giusto et al. [11], in their cross-sectional survey among students
of nine universities across Taiwan, found that a significant proportion of respondents
expressed varying degrees of concern about CC, with 65% stating they were “somewhat
concerned” and 28% saying they were “very concerned”. The authors established that
the student’s level of concern did not translate into behavior change. Surprisingly, a
slight negative correlation was observed between students” knowledge levels and behavior
change. Similar results are reported from central Portugal in a study on high school
students (i.e., classes 10 to 12) to assess their perception and understanding of CC [12]. The
study involved an online survey with open-ended and closed-ended questions. Results
showed that almost 76% of students recognized human activities as the primary source
of CC and thought it was already in existence, and 74% of the students had not made
any attempts to lessen the effects of CC. The study to track the rise in CC awareness
among schoolchildren aged ten to twelve in the United States Trott [13] highlights using
interactive methods that encourage students to act more. The interactive approach increases
schoolchildren’s awareness and comprehension of CC. Christensen and Knezek provided
evidence demonstrating that practical classes and activities focusing on energy and climate
had a discernible impact on middle school students’ perceptions of CC [14].

A review of earlier research on young people’s perceptions of CC was conducted
by Lee et al. [15]. This study explores the potential explanations for the differences in
perception among young people in different locations across various age groups. They
linked differences in age- and location-related findings to the ideas and theories of de-
velopmental psychology. In a survey conducted among the general public in three cities
in the United States, Sullivan and White [16] revealed that 60% of individuals perceived
a personal risk associated with CC. In a study, Siegner and Stapert [17] found that class
6 students (maximum age: 15 years) displayed heightened concern regarding the effects of
CC on future generations.

The location, student age, and learning setting influence the students’ understanding.
Sjoblom et al. [18] studied primary school students in Tanzania and Finland to assess the
divergent opinions on CC held by students in these two nations, which differ greatly in
terms of the severity of the problem, educational awareness, and cultural and natural
resources. The most exciting finding of this study was that Tanzanian students were less
aware of CC than Finnish students but were more motivated to act. The authors concluded
that educating people about the environment depends heavily on the context and involves
humans and the natural world. A study in Germany on school teenagers by Korfgen
et al. [19] examined students in two separate learning environments: an in-school learning
setting and an out-of-school learning setting (a high mountain environment). The study’s
results show that the choice of the learning setting influences the topics students connect
with. Christensen and Knezek provided evidence demonstrating that practical classes
and activities focusing on energy and climate had a discernible impact on middle school
students’ perception of CC [14].

Studies also suggest that more effort by government authorities is desirable, and
students demand upgrading EE curricula and associated activities in school. The study
from Portugal [12] showed that students felt their training had focused on CC and its
relationships to anthropogenic activities moderately enough. However, most respondents
said that the government should lead in taking essential measures to combat CC. The
study’s findings from Taiwan [11] argue that the crucial need is for policy leadership and
not more education. They suggest a notable research gap between Asian and Western
countries in this field.

An article by Reid [20] on CC and research possibilities examines aspects of CCE that
are likely to affect its prospects in the immediate future. Examining the perception of CC
among middle school students, Hestness et al. [21] observed that community involvement
and interactions with various media platforms significantly influenced the students’ ideas.
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Kolenaty et al. [22] conducted a study in 47 schools in the Czech Republic. This study
supports the idea that students” ability to comprehend CC and its root causes is critical in
motivating them to take climate action. A study by Bofferding and Kloser [23] examined
middle and high school students” awareness of mitigation and adaptation tactics. Their
results highlighted the significance of including CCE in the curriculum. The responses
demonstrate education’s beneficial effects on students” CC awareness and comprehension.

The results clearly show that most studies have focused on evaluating school stu-
dents’ perceptions of CC, which school activities seem to impact significantly. Pedagogical
approaches are vital in enhancing students” interest in CCE and EE. However, studies con-
ducted on ESD and CCE are limited. Experiential learning at selected locations/thought-out
themes gives good results. Government involvement through policies and incentivized
interventions also needs to be explored further.

2.2. Environmental Education (EE) in Indian Schools

EE in India was made compulsory in formal school education through a Supreme
Court judgment in 2003 [24]. Following the directive, the National Council of Educational
Research and Training (NCERT) has developed a class-wise EE syllabus for classes 1 to 12.
Table 2 summarizes the introduction to EE imparted to Indian schoolchildren. The infusion
model that integrates environmental themes with the curriculum is adopted for imparting
EE at the secondary school level. The infusion approach helps to build environmental
leadership in students. Praveen and Nasreen [25] analyze the effectiveness of the infusion
model for classes 9 and 10 (age range: 14-17 years) and make recommendations for making
EE more effective.

Table 2. An overview of environmental education curricula for Indian schoolchildren. (Source: Data
for methods used in classrooms is adapted from the UNICEF Report [7] and Praveen and Nasreen
[25]. The ages of children in specific classes are as per Indian norms).

Class Student Age
Range in Years

Objective/Outcome of Student

Method/s Used in the Classroom .
Learning

12
Age: 6-9

3-5
Age: 8-12

6-8
Age: 11-15

9-10
Age: 14-17

11-12
Age: 16-18

Through Activities

E.g., in the English and Hindi subjects, give animated diagrams of
trees, birds, fruits, vegetables, and animals (in an attractive manner).

Introduction to environmental studies (EVS) as a separate subject.
Introduce stories and poems that explain fun activities (drawing and
painting) related to the environment, especially animals.

Different books for each class, i.e., integrated with social science.
Introduction/explaining the Earth and important standard terms like
the equator, latitude, and rotation.

Infusion Model
(The infusion approach involves incorporating thinking skills into the
instructional process)

For example, offer EE as an integrated strand across subjects or as
separate subjects like geography, ensuring comprehensive coverage
of water and landscapes.

The project-based study integrates environmental education (for the
science stream) into multiple subjects such as biology, chemistry,
physics, geography, economics, and sociology.

Make the student identify
everyday things.

Students learn and appreciate the
importance of water through
stories and learn about the
beautiful bonds between humans
and the environment.

Develop students’ thinking skills.

Highlight the interdisciplinary
nature of environmental issues.

The programs related to EE were operational in Indian schools before the Supreme
Court judgment. Comprehensive review articles by Sonowal [26] and Almeida [24] provide
detailed insights into different EE programs in India. Almeida [24] shed light on EE’s
historical, present, and future directions in India. The authors identify a theory-practice
gap and a dire lack of research on major issues facing the effectiveness of EE in India. This
article also discusses possible directions to address these issues.
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Students” willingness to participate actively in climate-related aspects appears to be
an outcome of the strong link between the environment and the cultural aspects of Indians.
Educating children about the environment and its interlinkage with our daily lives has
been integral to the Indian lifestyle. Sonowal [26] presents an evaluation of one of the
Government of India’s (Gol) centrally sponsored schemes, “Environmental Orientation
to School Education (EOSE)”, aimed to promote EE in schools and communities. This
program taught schoolchildren to adapt to their immediate environment using locale-
specific examples and materials. A study by Zeeshan et al. [27] examined CC awareness
and participation among school students in the vulnerable Himalayan region of Rajouri,
India. Out of the 717 students surveyed, 27% demonstrated high awareness of CC, 60%
were proactive in advocating for environmental issues, and 88% expressed a willingness to
engage in environmental actions.

A survey conducted by Brainly, an online learning platform, reflects the influence
EE has on students’ mindsets. The online survey sample (1781) revealed that 79% of
Indian students believe studying CC and environmental conservation is essential [28]. This
observation provides valuable insights into the opinions and behaviors of young Indians
regarding CC and the need for ecological restoration. Very few studies examine the EE
framework in India, and the need for field-based studies that outline the effectiveness of
EE curricula in schools is urgently needed.

3. Significant Gaps in the Indian Education System towards EE and CCE

Information about school students” awareness and understanding of CC and its im-
pacts and motivation to act on CC mitigation/adaptation is lacking. We have discussed
some significant factors that need addressing, drawing from existing studies.

1. Unfamiliarity of students and educators with ESD and SDGs.

ESD is UNESCO’s education sector response to the planet’s urgent and dramatic
challenges. By 2030, it aims to empower people through knowledge, skills, and values to
protect the planet. A study by Bhatia (2020) [29] examined the national curriculum and
pedagogical approaches related to the EE curriculum in India. The findings revealed that
while the EE curriculum covers concepts that impart knowledge about certain SDGs at the
elementary level, several other SDGs lack representation.

2. Curriculum inadequacy regarding ESD and CCE.

The concepts of ESD and CCE are poorly understood and not included explicitly
in the curriculum. CCE is a new proposal for training, teaching, and learning focused
on SD. A recent study from IIT Madras [30] used critical discourse analysis to examine
environmental studies textbooks published by the NCERT to shed light on issues such
as methods of addressing the environment in the text and the nature of proposed solu-
tions. The article highlighted that the emphasis in textbooks is anthropocentric, with the
environment serving as a secondary concern. Gender, caste, cleanliness, culture, equality,
and discrimination emerged as more powerful themes than sustainability issues such as
biodiversity, conservation, and global warming. The authors advocate for a greater under-
standing of environmental catastrophes and remedial measures. These observations on the
need for change in curriculum agree well with the outcomes of the UNICEF study in rural
areas of three Indian states [7].

3. The teacher’s capacity to introduce and teach the concept of CCE is not known.

Capacity building regarding teacher training and resources for effective education is
urgently needed.

4.  Limited knowledge of the effectiveness of GOI and state efforts on people’s under-
standing /awareness/willingness to step forth to be leaders for change.

5.  Other issues. Limited resources, institutional barriers, and limited access to education
also affect effective information dissemination. Schools play a pivotal role in educating
young people.
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Insight into people’s attitudes and beliefs towards CC is crucial in fostering practical
actions for adaptation and mitigation. As indicated earlier, this study aims to evaluate
young minds” awareness and interest in action on CC in schools in urban North India. This
knowledge ties in nicely with the targets of UN SDG-13 (“Take urgent action to prevent CC
and its repercussions”) and should assist the country in climate action. It also supports the
objectives of the Paris Agreement and other SDGs, such as SDG 4 (quality education) and
SDG 11 (sustainable cities and communities) [31].

4. Methods

This paper aims to evaluate the awareness and interest in action on CC among
schoolchildren in urban North India. The school undertook a voluntary survey over
a day during the summer of 2023. The cross-sectional study was designed to collect data
from many individuals (middle and high school students) simultaneously. We anticipate
that the results of this study will act as a snapshot of what students in urban India know,
what students should know, and what students do not yet know about the cause and effect
of CC. The subsequent analysis enables the school to tailor their teaching methods to better
address students’ needs. When teachers, educators, and planners understand this data,
they are positioned to make decisions about the content of the EE curriculum in India and
the approach needed in terms of pedagogy to affect student outcomes positively. Figure 1
shows the methodological framework adopted in this study.

Literature Review
Studies on Climate Change (CC) and Environmental Education (EE)

I
[ }

« Environmental Education (EE) scenario in Indian schools
» Informal education methods and experiential learning

* Role of central and state government in enhancing the
environmental knowledge

| Research Gaps |
| Objectives |
I
v v
To provide an insight into student’s perceptions of To improve teaching and learning curricula for
global warming/climate change issue. outcomes from the students
[ I
v
| Questionnaire Survey in School |
y v

Close ended questions (15) | |

Open ended questions (2)

I [
I

Analysis and evaluation of
responses

!

Suggestions to improve the effectiveness of teaching

and student learning in urban Indian schools

Figure 1. Methodological framework adopted in this study.

4.1. School Description and Data Collection

The school in this study is part of a system of central government schools in India
instituted under the Education Ministry’s aegis. The school, located inside the academic
campus of the institute, a technical institute in Kanpur City, India, has 2100 students
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from Class 1 to Class 12 (ages 6 to 18). Under their Climate Smart School program, the
school administered the questionnaire to students in grades 6 through 12 aged 11 to
19 years (excluding class 11) in May 2023. As part of this initiative, the school plans to
incorporate eco-friendly activities into the school curriculum. The school aims to develop
climate-resilient future generations by promoting curriculum-based teaching and hands-
on experiences. In the long run, school authorities envisage teaching modules about
environmental and CC issues and implementing practical demonstration activities. A
climate clock has been installed at the school’s entrance to raise students” awareness of the
urgency of reaching the net-zero emissions goal.

More than 450 students participated in a seminar related to CC mitigation efforts that
the school organized. These initiatives by the school authorities mark their commitment to
support the institution’s goal of becoming a carbon-neutral campus by 2030 [32].

In consultation with our research group, the school authorities developed the self-
completion QS that the respondents could complete without the assistance of an interviewer.
Since Class 11th students had not joined the school after the Class 10th exams during the
survey deployment, this study does not cover them. The survey was voluntary. A copy
of the survey is available in supporting information (SI, Figure S2). The QS comprised
17 questions, 15 closed-ended (mainly yes/no, multiple choice), and two open questions
(respondent details provided in Table 3). The QS provided a glimpse into students’ percep-
tions, beliefs, attitudes, and awareness relating to the topic of CC. Questions also gauged
students understanding of their involvement in mitigation/adaptation activities. 786 re-
sponses were received (age of the participants: 11 to 18 years; male: 54%; females: 46%).
Researchers used the post-survey hard copy for analysis and evaluation.

Table 3. Summary of total responses received from the school and their segregation based on gender

and class.
Total Male Female
Responses 786 427 359
Education
Upper Primary
Class 6 93 46 47
Class 7 118 69 49
Class 8 159 93 66
Higher Secondary
Class 9 174 93 81
Class 10 143 78 65
Senior Secondary
Class 12 99 48 51

The QS is available in supporting documentation (Supporting Information, Figure S2).

4.2. Data Analysis

QS were digitized using Google Surveys to import responses into an Excel spreadsheet.
The acquired data was statistically analyzed using relevant techniques. Descriptive statistics
such as frequency distribution summarize the participant’s responses to each question. We
summarized the data into the proportion of students who answered “yes” or “no” to each
question to better understand their responses’ overall trends and patterns.

In addition to descriptive statistics, we performed a Chi-square analysis to investigate
the associations between the dependent variable (e.g., belief in the impact of CC) and the
independent factors (gender, class level, and information sources). We used the statistical
software tool SPSS (version 27) for data analysis. The acceptance for statistical significance
was p < 0.05. The results report statistically significant patterns or trends in the data.
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Number of students

100
90
80
7
6
5
4
3
2
1

[ — I — I — I — A — N —

5. Results and Discussion

The respondents of the survey (n = 786 students) represent different education lev-
els in the following order: upper primary (47.1%) > higher secondary (40.3%) > senior
secondary (12.6%). The low percentage of students from higher secondary is due to the
absence of Class 11 students (minimum age: 16 years) from school on the survey day. The
number of female respondents was marginally less than that of males (<10% difference),
as depicted in Figure 2 (the total number of responses segregated based on gender from
classes 6-12). This section summarizes the information gathered from the QS related to stu-
dents’ familiarity with CC, steps toward mitigation, and their reported self-efforts toward
resource conservation.

93 93 m Male
81
78 mFemale
69 66 65
46 47 I 49 I I 48 31
6 7 8 9 10 12

Class

Figure 2. Segregation of student participants in the study based on class level and gender. The age of
students in the survey ranged from 11 to 18 years. Class-wise age details are listed in Table 2.

5.1. Overview of Students” Awareness of the Concept of CC

Figure 3 represents the responses received from the students in the form of a bar chart
segregated based on gender and education level. Most students (96%, n = 756) had heard
of the term “global warming”, followed by “CC” (95%, n = 751), and three-quarters of
the respondents (75%, n = 593) were familiar with the term “SD”. Only 43% of students
(n = 341) were familiar with the term “carbon footprint”. In general, students in higher
and senior secondary classes (classes 9 to 10 and class 12) reflected greater awareness of
the terms related to the leading cause of human-induced CC. The fact that students have
“heard” of these terms reflects their familiarity with them. It does not imply complete
understanding but suggests that the students have some awareness of the CC concept and
SD issues. We want to point out here that there is a distinct difference between awareness
and knowledge. Awareness is perceiving, knowing, feeling, or being conscious of events,
objects, thoughts, emotions, or sensory patterns. Knowledge is facts, information, and skills
acquired through experience or education. ESD aims to reduce the impacts of CC that affect
the environment and society [33] in several ways [34,35] and includes both knowledge
and awareness.
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Figure 3. Responses to questions about familiarity among Indian schoolchildren of different educa-
tional levels about CC-related issues and sustainability. The age of students in the survey ranged
from 11 to 18 years. Class-wise age details are listed in Table 2. (A) Class-wise student response
if they heard “Global Warming”. (B) Class-wise student response if they heard “Climate Change”.
(C) Class-wise student response if they heard “Sustainable Development”. (D) Class-wise student
response if they heard “Carbon Footprint”.

5.1.1. Does CC Impact Our Lives, and Can We Make a Difference?

A significant fraction, 93% of the students, believed that CC impacts their daily lives
(Figure 4A. Q6 in QS). More than four-fifths (84%, 661) of the respondents agreed that
their daily activities could make a difference in tackling and combating CC (Figure 4F.
Q13 in QS), and 80% (629) feel that they recognize the causes of CC (Figure 4B. Q7 in QS).
In a follow-up question, 91% (721) of the students agreed with the observation that the
temperature on Earth has been rising over the past years (Q10, Figure 4C). This observation
of rising temperatures is in keeping with the observations over the past decade. Since
1940, when the European Centre for Medium-Range Weather Forecast (ECMWF) started
recording global temperatures, the world has breached the 1.5 °C limit (for the increase in
global mean temperature) on 279 days. A disturbing aspect of this trend is that all such
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instances occurred within the past 15 years, with the earliest occurrence on 13 March 2010.
An analysis of data provided by the ECMWEF shows that the average daily temperature
exceeded the threshold of 1.5 °C 20 times in 2023 itself (i.e., until June 2023) [33].

H No MYes H No mYes ENo MmYes
(A)100 B)100 C) 100
[7]
¥ 30 80 80
= [7,) w
o a y
& 60 S 60 S 60
[+1] [=] o
= & &
R 40 2 40 £ 40
N =N
20 20 20
0 0 0
10 12 10 12 10 12
| | [ |
(D) mNo mYes (E) ENo MYes (F) No Yes
100
80 80 80
o § ]
2 60 £ 60 2 60
o [=]
& § &
g 40 & 40 & 40
X S SN
20 20 20
0 0 0
10 12 10 12 10 12
HNo mYes mN mYe
(G) ENo MYes (H) (1 100 o s
100 100
80 80 80
7 7 ]
[+3} Q 0"
2 60 2 60 s 60
o ) e
Q. Q. A
1% 1% <3}
& 40 & 40 « 40
X X X
20 20 20
0 0 0
6 7 8 9 10 12 10 12 10 12

Figure 4. Responses to closed-ended questions (yes/no) in the survey from students of different
education levels. The age of students in the survey ranged from 11 to 18 years. Class-wise age
details are listed in Table 2. (A) Class-wise response if students believe that CC impacts their daily
lives. (B) Class-wise response if they know what causes CC. (C) Class-wise response if students
think the temperature of the earth is rising. (D) Class-wise response if students participate in
sustainability-related events. (E) Class-wise response if students participate in any tree plantation
events. (F) Class-wise response if daily activities can make a difference in tackling CC. (G) Class
student response if they turn off lights and electronics when not in use. (H) Class student response if
they turn off the water tap while brushing their teeth. (I) Class-wise student response if they think
sustainability-related and CC activities should be increased in schools.
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5.1.2. Student Participation in Events, School Initiatives, and Behavioral Responses to

Mitigate CC Impacts

1.  Event participation. Two-thirds (66%) of the students (n = 525) reported that they
participated in the tree plantation event (Q12), and 39% (309) participated in
sustainability /CC-related events/initiatives (presented in Figure 4D,E);

2. School initiatives toward climate-smart students. The school authorities regularly
organize tree-planting activities and relevant seminars and workshops. Section 4.1
provides details of initiatives at the school level;

3. Behavioral response of students. Developing countries are more severely affected by
CC, mainly because they rely heavily on natural resources and are less prepared for
adaptation. Queries related to behavioral responsibility in the survey (Q14 and Q15)
revealed an overwhelming response. School students were quite particular in taking
small steps towards resource conservation, such as turning off the lights 95% (n = 746)
when not in use (Figure 4G) and 94% (n = 741) turning off the water tap while brushing
their teeth (Figure 4H). ESD is a crucial element of quality education. It enhances the
cognitive, socio-emotional, and behavioral dimensions of learning and encompasses
learning content and outcomes. School students’ current environmentally responsible
attitude supports positive outcomes from implementing ESD in school curricula.

5.1.3. Mode of Information Acquisition Preferred by Students

Through the responses received, the following trend for the source of data gather-
ing emerged:

The School (67%, n = 537) > Social Media (36%, n = 286) > Newspaper (26%, n = 205) >
TV (25%, 199) > Parents (21%, n = 171) > Friends/Relatives (9%, n = 71) > Others (energy
literacy courses, books, and magazines). The observations highlight the importance of social
media and curriculum content for relevant information dissemination in urban locations.

5.1.4. Do Students Desire Increased Environmental Activities at School to Promote Student
Knowledge and to Encourage Sustainability?

Students across all classes (Figure 41) voted for increased activities in school to enhance
awareness. More than 80% (84% (n = 661)) of the students want increased emphasis on
the content of the CC-related syllabus (or CCE) and increased activities. The school in this
study has made continuous efforts, as presented in Section 4.1.

5.2. Association between Education Level and Students’ Understanding of CC-Related Issues

Examining trends in Figure 3 indicates awareness’s dependence on students’ class
levels. A statistical analysis of the data confirms the trend. A Chi-square test reveals
that students in higher classes are more aware of the terms “carbon footprint”, “CC”,
and “SD” [(Carbon Footprint: x2 =71.012, p < 0.01, Phi Coefft = 0.304), CC: (x2 = 46.198,
p < 0.01, Phi Coeff = 0.243), SD: (x> = 345.51, p < 0.01, Phi Coeff = 0.665)]. Surprisingly,
the relationship between the cause of these changes/concerns, “global warming”, and
awareness is insignificant, as p > 0.05 (0.159).

An overwhelming number of valid responses, 94.6% of students, accepted that CC
affects their daily lives. Among these, agreement was more likely from students of higher
and senior secondary (x> = 23.4222, p < 0.01, Phi Coeff = 0.173). (Table 4). Similarly, senior
students were more likely to agree that the Earth’s temperature has risen over the past
years (x? = 27.382, p < 0.01, Phi Coeff = 0.188). (Supporting Information, Table S2).
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Table 4. Variation in response related to the closed-ended question about the impact of CC on our
daily lives with student education level. (N (% of the valid responses obtained from students present
in a class during the survey)).

Class Q. Does CC Impact Our Daily Lives? Total Responses
Yes No
6 79 (84.9) 14 (15.1) 93
7 113 (96.6) 4(34) 117
8 145 (93.5) 10 (6.5) 155
9 165 (94.8) 9(5.2) 174
10 139 (97.9) 3(2.1) 142
12 96 (98) 2(2) 98
Total * 737 (94.6) 42 (5.4) 779

Total * represents the total valid responses across all classes.

Similarly, students of senior classes agreed more strongly that daily habits/activities
could significantly impact environmental protection ()(2 =89.926, p < 0.01, Phi Coeff = 0.343)
(Supporting Information, Table 52). A meaningful connection between students” education
level and their support for increased lectures related to sustainability (i.e., lectures that deal
with topics on ESD) was observed (x? = 47.703, df = 5, p < 0.01, Phi Coeff = 0.232). (Table 5).

Table 5. Variation in response related to the closed-ended question about support for sustainability-
related lectures/sessions among students in school with student education level. (N (% of the valid
responses obtained from students present in a class during the survey)).

Q. Do You Support an Increase in School Activities

Class Related to Sustainability and Climate Change Education? Total Responses
Yes No
6 61 (67) 30 (33) 91
7 92 (78) 26 (22) 118
8 139 (87.4) 20 (12.6) 159
9 147 (86.5) 23 (13.5) 170
10 134 (95) 7 (5) 141
12 88 (89.8) 10 (10.2) 98
Total * 661 (85.1) 116 (14.9) 777

Total * represents the total valid responses across all the classes.

5.3. Discussion

The present case study from a school in urban north India highlights the need for
improvement in the knowledge level of schoolchildren. Students’ responses in this study
echo the similar point made by Bhatia [29], who suggested restructuring the approach of
the EE curriculum in India towards fostering an understanding of climate solutions in
schools by providing SD-related knowledge. This section summarizes the main highlights
of this study in India. It includes students’ opinions, our interpretation of their responses,
and views reported in the literature.

5.3.1. Students Understand the Importance of Raising Awareness about Environmental

Issues and Opine about Raising Public Awareness

1.  Upgradation of curriculum and school activities. School-based experiential activities
have shown a remarkable change in students” knowledge and willingness to deal
with the CC repercussions [36]. Increased knowledge-sharing in Indian schools and
problem-solving exercises may persuade them to change their behavior and get them
involved to “participate” in making the change;

2. Effective methods to raise public awareness. Views about effective ways to make
people aware of CC (Q9) were shared by 777 out of 786 students surveyed (Figure 5).
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More than two-thirds of the respondents, 71% of the students (1 = 560), answered that
social media campaigns are the most effective way to raise public awareness about
CC, followed by educational programs.

Newspaper Educational
Campaign Programs
(NC) 63 (EP)

NCNOLT=43
EP NSMC=3

Social Media
Campaigns
(SMC)

Organising More
Lectures and Talks
(OLT)

Figure 5. Number of responses for the opinion about the best effective methods to raise public
awareness about environment issues.

Support for different options followed the order of social media campaigns (71%,
n = 560) > educational programs (26%, n = 210) > newspaper campaigns (23%, n = 181) >
organizing more lectures and talks (26%, n = 210) (Figure 5). Eighteen students suggested
the effectiveness of combining all options in making people understand the environment
and its problems. Some respondents believed that a combination of three out of all four
would be best.

5.3.2. Confusion between the ‘Causes’ and ‘Consequences’ of CC

As a response to the question (Q8) about the one consequence of CC, most students
suggested global warming. Other responses were pollution and temperature increases. A
“Word Cloud” was used to analyze the responses presented in Figure 6. The size of the
word in the cloud shows its frequency. Readers must note that global warming caused
by the increase in anthropogenic activities is the leading cause of CC and temperature
rise. Students stated the opposite (i.e., consequence as cause). Answers to this open-ended
question among the students surveyed demonstrated that they could not differentiate
between causes and consequences. Similar confusion in students” minds was reported in
the UNICEF Report (2022), conducted primarily in rural India (in 3 states: Kerala, Bihar,
and Odisha) [7]. This observation of a lack of knowledge about terms related to CC and
sustainability, more so in upper primary, is supported by the results presented in Figure 3.
Only 43% of students (1 = 341) were familiar with the term “carbon footprint”. Although a
total of three-quarters of the respondents (75%, n = 593) were familiar with the term “SD”,
the fraction was much higher in senior secondary. The need to introduce ESD in schools, at
least at the upper primary level, is the need of the hour to meet the targets of the SDGs.
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Figure 6. Word Cloud for all responses to “one consequence of CC” from class 6th to class 12th
(generated from WordItOut).

6. Strategies for Improving the Effectiveness of Teaching and Student Learning in
Urban Indian Schools

Redressal of several challenges is vital to achieving the desired goals for education
planning for SD in India. In this section, we look at ways to integrate ESD and CCE in the
curricula and promote the efficacy of EE education in Indian schools. In addition to their
suggestions, the authors conducted an online review of topics listed in sub-headings and
noted that the studies’ recommendations aligned with these findings.

6.1. Schools in Urban India Need a Different Pedagogical Approach to Help Students Understand
and Effectively and Take Knowledge-Based Decisions

1. Need to dispel misunderstandings and promote an accurate understanding of CC.

A study by McNeill and Vaughn [37] reports that introducing an urban ecology
curriculum significantly eliminated urban high school students” misconceptions about CC.
It demonstrated the transformative power of education.

2. Need to reconsider the local and regional strategies followed at the school level to
promote knowledge about adaptation to and mitigation of CC.

Itis clear from the student responses that the three pedagogical approaches in India—infusion,
separate subject, and extra-curricular activities—are not enough, and schools in India
should adopt pedagogical practices that involve practical, experiential, and activity-based
learning in EE [29]. Updating the pedagogical approach and understanding the interplay
between culture and learning methods is vital for successfully imparting knowledge. An
educator’s teaching beliefs form pedagogy (the method of how teachers teach in theory
and practice) and need to be updated/refined as per the requirement. A suggestion by
scholars (D’Souza et al. [30]) is to make the curriculum more engaging and involve real-life
examples. The outcome is that students better understand and develop pro-environmental
attitudes, empathetic behaviors, and problem-solving skills.

3. Teacher capacity building.
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Preparing future generations better by highlighting the need to take urgent action
to combat CC and its impacts is a huge responsibility of teachers at all levels, including
primary and secondary schools and higher education. Concerned authorities should
promote field-based and project-based learning activities and use local resources to educate
students hands-on. Project-based learning (PBL) imparts hands-on learning by engaging
students actively in real-world and personally meaningful projects. It refers to an inquiry-
based instructional method that engages learners in knowledge construction by having
them accomplish meaningful projects and develop real-world products. A review of this
hands-on approach toward student outcomes conducted by Guo [38] concludes with the
need for more empirical measurement studies in this field. Table S3 summarizes some
such ideas, which we also collated through the literature. Participatory learning [39] aims
to unite our world through global learning. Global networks such as the Network for
International Policies and Cooperation in Education and Training (NORRAG) have been
active for more than five decades in international policies and cooperation in education and
training [40]. Through their publications and active social media involvement, NORRAG
contributes to creating the conditions for more participatory, evidence-informed decisions
that improve equal access to and quality of education and training.

4. Inclusion of informal education methods and experiential learning in EE

The efficacy of informal education methods, such as filmmaking, in increasing aware-
ness and a sense of responsibility among the youth is observed in a study by Littrell
et al. [41]. They conducted an informal science education program through place-based
filmmaking to increase students’ awareness of the local relevance of CC and their responsi-
bility in addressing it. The program successfully enhanced students’ understanding and
engagement with environmental issues. By attempting to integrate experiential-based CC
education into teaching and learning secondary school biology lessons on endangered
ecosystems in Malaysia, researchers found improved students’ knowledge and motivation
to care for the environment among students in the test group compared to the control
group. Results from this study again support the usefulness of incorporating experiential
learning into school curricula [42]. Experiential-based CC education activities are hands-on
and foster a sense of responsibility and stewardship among students.

5. Community involvement and interactive media platforms Social media plays a crucial
role in raising the awareness of urban school students. Most students in the present
study from an urban school in Uttar Pradesh are familiar with the terms “CC” and
“global warming,” although there is confusion about the cause and effect of CC. Re-
sults from this case study highlighted the significant role that social media platforms
can play in the knowledge acquisition and dissemination exercise. Hestness et al. [21]
reported similar ideas about CC interpretation among middle school students in a
suburban community on the US East Coast. Through an 18-item multiple-choice Cli-
mate Science Knowledge Assessment Instrument (CSKAI), the authors observed that
community involvement and interactions with various media platforms significantly
influenced the students’ ideas about the cause of CC.

6.2. Role of Central and State Government in Promoting EE

The role of the government is critical to driving curricula and capacity-building for
teachers. It also brings all schools within the country on the same level playing field
regarding curricular needs. The Gol, through the MoEFCC (Ministry of Environment,
Forest, and Climate Change), initiated and developed several programs to promote people’s
knowledge and skills. These include incentivizing school participation, promoting student
participation, and teacher training. Details of several such programs, collected from
government online portals, are summarized in Table S4 (Supporting Information). The last
column of the table includes our interpretation of the projects focused on in an international
context (EE, CCE, or ESD). Interestingly, the focus has primarily been on EE, which is a vast
field, and programs related to CCE and ESD are beginning to be encouraged.
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Many state governments have launched awareness campaigns and promoted par-
ticipation through competitions on environmental conservation. These initiatives aim to
engage students in creative activities such as problem-solving sessions, poster making,
essay writing, and debates, thereby increasing their understanding of environmental issues
and fostering a sense of urgency to address CC. Table S5 (Supporting Information) lists
initiatives some states took in the north and eastern parts of India.

6.3. Child and Youth Engagement and Action

It is crucial to empower students to actively address the adverse effects of CC. Schools
can facilitate real-world experiences and platforms for public advocacy by establishing
various clubs, such as eco/nature clubs [43], where students can collaborate and take
collective action. These clubs can engage in street dramas, photo exhibitions, and public
rallies to raise awareness about environmental issues. Additionally, schools can organize
special events to celebrate environmental days and engage in tree-planting initiatives.
Creating school gardens and biodiversity parks further allows students to connect with
nature and contribute to conservation efforts.

Students actively inform their peers and elders about these challenges, generating
awareness and initiating conversations. While these efforts may seem small individually,
they collectively contribute to making positive adjustments toward addressing climate and
environmental issues.

In-Class Exercises

1.  Case study analysis. By examining real-world examples, students can gain a deeper
understanding of how communities and organizations have successfully adapted
to and mitigated the effects of CC. Students can develop critical thinking skills by
studying case studies, identifying effective strategies, and generating innovative
solutions to address CC challenges;

2. Exploring CC handling examples through online web-based resources and class
projects. Teachers can select specific examples from these web-based resources, such
as scientific journals, research repositories, and environmental organizations” web-
sites, that align with the curriculum and the students’ interests. WWF has recently
launched introductory CC resources to introduce the topic of CC to students aged 7-11.
Secondary and primary school students with existing knowledge of CC can further
explore their series of engaging “curriculum-linked programmes and activities” [36].
Details on “Use online tools to promote awareness and teach good practices for urban
adaptation” are listed in SI;

3.  Engaging students in a multi-step process (video watching, reading, and cooperative
group discussions). Starting with watching a video documentary/report highlighting
an issue from their state so that they can relate to it emotionally, the students can move
on to read relevant texts about the problem shown. They can investigate newspaper
articles, journals, reports, and online information and gain a broader understanding of
CC, its causes, and its effects on a global scale. The next step can be guided discussion,
through which students can analyze and reflect upon the information presented,
sharing their insights, questions, and concerns.

Incorporating this approach promotes a holistic understanding, encourages critical
thinking, and enables students to generate examples and solutions actively.

In the recently concluded G20 Summit 2023 in New Delhi, India, climate action was
a priority, and major points were covered in the G20 Delhi Declaration. For instance, the
G20 New Delhi Declaration made commitments to achieve the SDGs and limit global
warming [44]. Funding and support for educational entities is planned to raise awareness
and promote active leadership. Figure 7 shows a framework summarizing the actionable
points at different levels that bridges the gaps in the EE scenario in India. A combination of
international and national efforts and following the recommendations for enhancing CCE
by incorporating practical experiences will inspire proactive participation in developing
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effective adaptation strategies. Utilizing the transformative power of education is vital to
nurturing responsible citizens willing to address environmental concerns proactively.

Actions to bridge the existing gaps J

4
’

Curriculum modification
* Interdisciplinary knowledge
* Age and location specific

-

Teachers capacity building
* Professional and vocational trainings
* Teaching methods and pedagogy

Central
Government

Adoption of new approaches

* Emotional and psychological

* Cultural and socioeconomic

* Innovation and problem solving

State
Government

N Role of government
and administration

Out of school learning
* Project/ field based
* Informal and experiential

Social media and online awareness
campaigns

* Information Sharing

*  Online Debates and Discussions
* Influencer Engagement

School Level

Class-room
Level

Role of schools and
teachers

Commitment to national/ international
frameworks, agreements

* UN-SDGs

*  Paris Agreement

NDCs, others 7

L

Figure 7. Framework for improving students” awareness of CC in urban India.

7. Conclusions and Suggestions for Future Research

In this study, an examination was conducted to gauge the perceptions of approximately
800 students regarding their comprehension of environmental education (EE)-related ter-
minology, their behaviors, and their inclination to engage in sustainable development
activities. This research endeavor serves as a preliminary undertaking aimed at facilitating
a broader initiative focused on gathering insights into how students perceive the impact of
climate change (CC) on their daily lives.

The findings derived from the questionnaire survey (QS) unequivocally underscored
the imperative to augment the prominence of EE within educational institutions, partic-
ularly at the upper primary level. Furthermore, our study underscored the role of social
media in influencing the dissemination and sharing of knowledge during the post-COVID
era, with over 70% of surveyed students advocating social media platforms as optimal
channels for propagating awareness concerning CC.

This study places significant emphasis on the necessity for continuous training, retrain-
ing, and empowerment initiatives. These endeavors are vital in ensuring that the public
and stakeholders remain perpetually informed, updated, and cognizant of the ongoing
crisis related to CC. It is noteworthy that schools emerge as the predominant source of
knowledge acquisition, with over 65% of students citing their educational institutions as
the primary means through which they familiarize themselves with EE-related terminology,
followed by social media platforms at 37%. Moreover, the survey indicated that over 80%
of students desire an amplification of CC and Sustainable Development (SD) events within
their school.

The result highlights that it is essential to prioritize teacher training, given their in-
fluential role within the school environment. We must bear in mind that education and
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awareness represent the most efficacious strategies for addressing environmental concerns.
Augmenting awareness, enhancing capacity, and nurturing a sense of responsibility among
teachers can significantly contribute to collective action and the adoption of sustainable
practices. Municipal and school officials” active involvement is indispensable for provid-
ing essential support, resources, and an enabling environment conducive to effectively
promoting Education for Sustainable Development (ESD) at the local and regional levels.

The article concludes by offering recommendations to enhance the effectiveness of
teaching methodologies and student learning in urban Indian schools, offering a compre-
hensive perspective on this matter. However, it should be noted that this paper does not
delve comprehensively into the discussion of pedagogical approaches.

The urgency of cultivating resilient future leaders finds succinct expression in Global
Goal 13.3 of the Sustainable Development Goals (SDGs), which calls for “Improving
education, awareness-raising, and human and institutional capacity on climate change
mitigation, adaptation, impact reduction, and early warning”—a vital component of climate
action. The process of educating individuals instills a sense of urgency, motivating proactive
engagement. It nurtures critical thinking abilities and problem-solving skills and prepares
the upcoming generation to actively confront the challenges posed by CC. Equipping
schoolchildren with the requisite resources and experiential education holds paramount
importance. We anticipate that the recommendations proposed in this study will contribute
to affecting positive changes in the school curriculum, aligning it with the United Nations’
Sustainable Development Goals, to be achieved by 2030.
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