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ABSTRACT

Education  contributes  essentially  towards attainment of Sustainable
Development Goals (SDGs) established by the United Nations (UN)
Agenda 2030. In particular, SDG 4 (Quality Education) is aimed at
providing all children with a right to go to inclusive, equitable, and quality
learning alongside lifelong learning advocacy. This research focuses on how
SDGs can find their way into teaching and learning frameworks at
different levels of education with a central interest in curriculum design,
teacher training, and student engagement. A mixed-methods approach is
adopted herein, to gather quantitative data from student and teacher
surveys and derive qualitative information from interviews of education
policymakers. It assesses the efficacy of SDG-based education and sets out
problems such as overloaded curriculum, resource limitation and teacher
readiness. The study also looks at best practices on how to incorporate
concepts in sustainability in various subjects, where students can find SDG
related learning enjoyable, convenient, and effective. Early results indicate
that when SDGs are implemented in educators’ work, students are better
informed about global challenges and engage in critical thinking, while
developing sustainable mindsets. But still the barriers are immense and
they include policy gaps, absence of institutional support and inadequate
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teacher training. An SDG-based education framework should involve
interdisciplinary teaching and practical sustainability projects, and should
be policy-aligned in order to enable sustainable development within
educational settings, according to the conclusions of the study. The research
provides suggestions to curriculum designers for the educationists and
policymakers to aid process of integrating the SDGs into the contemporary
teaching and learning.

Keywords: Sustainable Development Goals (SDGs), SDG 4, Education
for  Sustainable  Development (ESD),  Curriculum  Design,  Quality
Education, Teacher Training, Lifelong Learning, Policy Implementation,
Student Engagement, Sustainability

Introduction

Education is an effective instrument to solve global challenge and
promote sustained development. Education emerged as a critical
issue that serves to generate economic growth, social equity, and
environmental sustainability in the United Nations’ Sustainable
Development Goals (SDGs), adopted 1in 2015 within the
framework of the Agenda 2030. Among the 17 SDGs, Goal 4:
Quality Education emphasises on making education inclusive and
equitable and achieving permanent learning opportunities for
everyone (UNESCO, 2017). Combining SDGs with education
systems can help students achieve critical thinking, problem-
solving ability, and sustainability awareness as future world
citizens concerned about sustainable development (Tilbury, 2019).

The SDG related education framework (commonly known as
Education for Sustainable Development, ESD) that is increased in
prominence calls for incorporation of sustainability concepts in
teaching and learning. This incorporates the discussion of issues
such as climate change, social justice, sensible consumption, and
the protection of the environment (Sterling, 2020). However, even
though its significance, a lot of education institutions find it hard
to integrate SDGs into their curriculum because of curriculum
congestion lack of teacher training and inadequate resources
(Rieckmann, 2018).

SDG-Based Education Practice in Teaching and Learning.

The implementation of SDGs is in education, and it includes:

1. Curriculum Integration- Integration of sustainability ideas
to other subjects (majority of them being science, geography,
economics and ethics) (Leicht et al. , 2018).

2. Innovative Pedagogical Approaches — Using the project-
based learning, experiential learning and  interdisciplinary
approaches to make the idea of sustainability more interesting,
practical. (Wiek et al., 2016).
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3. Teacher Training and Capacity Building - Training,
equipping teachers with the knowledge, and capability that they
can teach the topic about SDG (Barth et al).4.  Student

Engagement and Active Participation — Engaging students in
sustainability projects, community ventures and critical exercises,
so as to increase their understanding of and commitment to SDGs
(Tilbury, 2019).

Implementing Difficulties of SDGs in Education

Although the integration of SDGs into education promises to have
benefits, many barriers stand against it.

. Curriculum overload - It is hard for many teachers to
incorporate  SDG-related content into their as-already-filled
curriculum (UNESCO, 2017).

. Lack of Teacher Training -Technical staff in many
departments wusually have neither the necessary training nor
teaching resources to incorporate SDGs well (Barth et al., 2019).

. Lack of Institutional Support — Many of the schools and
universities do not have a policy that can prioritize sustainability
education (Leicht et al., 2018).

. Assessment and Evaluation Issues — There are no common
terms of references that can be wused to qualify students
understanding and involvement with SDGs (Sterling, 2020).

Research Objectives

1. To analyze the effectiveness of SDG-based education in
enhancing students' knowledge, critical thinking, and
sustainability awareness.

2. To examine the challenges faced by educators in integrating
SDGs into school curricula, including curriculum overload,
lack of training, and institutional support.

3. To propose a structured framework for teaching SDGs,
incorporating innovative teaching methods, interdisciplinary
approaches, and real-world applications.

Research Questions
This study seeks to answer the following key research questions:

1. How does integrating SDGs into education influence
students' learning outcomes, sustainability awareness, and
engagement?

2. What are the main challenges that teachers face in
implementing SDG-based education, and how can they be
addressed?

3. What are the best practices for designing an effective SDG-
based curriculum, and how can educational institutions
support its adoption?
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Statement of the Problem

Education for sustainability is recognized as one of the major
aspects that contribute to the complex issue of sustainability
worldwide, by the global Agenda 2030 for Sustainable
Development, adopted by the UN. The SDG 4 (Quality
Education) specifically emphasizes the requirement of a quality,
inclusive and equitable form of education that supports lifelong
learning (UNESCO, 2017). Although vital, integration of the
SDGs in teaching and learning is merely basic as most educational
institutions find it a challenge to institute sustainability ideas
within their curriculums. Curriculum overload 1s one of the
greatest problems because the teachers themselves already have
problematic task of covering the core subjects. Shallow exploration
can result from incorporation of SDG-based content without a
plan (Leicht et al.,, 2018). What’s more, most educators have no
training and curriculum materials to provide sustainability topics
in classes (Barth et al.,, 2019).Lack of standardised assessment tools
to measure engagement of students with SDGs is another issue.
With no learning outcomes and evaluation criteria, it becomes
hard for schools to integrate SDG-based education (Sterling,
2020). This work examines these problems, examining the ways
for the introduction of SDGs into the education process,
overcoming the difficulties imposed upon teachers and institutions.
The findings seek to contribute towards the development of a good
structured SDG based learning framework.

Significance of the Study

This study is important to a variety of parties, including educators,
policymakers, students, as well as curriculum developers.The study
sheds light on wholesome ways of inclosing SDGs in the lesson
plan to assist the teachers come up with great sustainability
learning plans. It also 1illustrates issues affecting educators
including the following lack of training, time constraints and
scarcity of resources providing workarounds.The paper highlights
the necessity of policy support in order not to allow effective
implementation of the SDG-based education. Recommendations
are implemented in form of teachers training program, curriculum
modifications as well as sponsoring sustainability projects in
schools.SDG-based education develops, critical thinking, problem-
solving, and global awareness skills. It readies students for reality-
based sustainability dilemmas as practitioners of active citizenship
and fosters responsible decisions.The study suggests a systematic
approach with interdisciplinary teaching applications, hands-on
projects, and an active engagement of the community to make
SDG-based learning no longer a theory but an actual
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practice. Through the addressing of these fundamental areas, the
research hopes to add to the worldwide movement in the
promotion of sustainability using education to facilitate a learning
environment which arm students with relevant knowledge and
abilities to bring about change.

Review of Literature

Integration of Sustainable Development Goals (SDGs) in
education is an important strategy to raise global awareness,
critical thinking and responsible citizens. In this section, the
literature on curricular integration of SDG-based education,
pedagogies, teacher preparedness, and assessment problems are
reviewed.

Education is known to be a basic element of sustainable
development, according to the 2030 Agenda for Sustainable
Development passed by the United Nations. The goal of SDG 4
(Quality Education) is to ensure inclusive, equitable and high-
quality (World Bank, 2017). A number of scholars hold the view
that the incorporation of sustainability concepts to education helps
to prepare the students on how to deal with the issue of climate
change, economic disparities, and matters to do with social justice
(Sterling, 2020). Tilbury (2019) states, that Education for
Sustainable Development (ESD) should be an interdisciplinary
approach involving environmental, social and economic aspects.
This is consistent with Leicht et al. (2018) study that indicates
education in SDGs should be addressed to actual challenges,
problem-solving, and critical thinking. SDGs integration into
education must be holistic. According to studies done by
Rieckmann (2018), sustainability topics should be integrated in
different subjects as opposed to separate studies. For example:

— Science classes can study climate change and renewable source
of energy.

» Sustainable business models can be covered in the economics
lessons.

. Social studies will study gender equality and human rights.

Many schools, however, find it hard to integrate the SDGs as they
experience curriculum overload, and lack of institutional support
(Barth et al., 2019).

Interactive and experiential learning in SDG-based education is
emphasised in several studies. The following methods are
proposed by Wiek et al. (2016)

1. Project-Based Learning (PBL) - Learning focused on
sustainability-based projects, which are similar to those that actual
organization engage in (such as waste reduction campaigns or
community gardens).
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2. Interdisciplinary Teaching — Cross referencing subjects so
that a whole picture of sustainability can be developed (Sterling
2020).

3. Gamification and Digital Learning — the educational tools

enable such activities as the wuse of virtual simulations,
sustainability games, artificial intelligence platforms, to increase
student engagement (Leicht et al., 2018).

According to UNESCO (2017) research, schools would need to
train teachers on contemporary pedagogical tactics in the effective
teaching of SDG-related lessons.

Although, over the last few years, there has been increasing
interest in SDG-based education, there is still a lack of professional
training and resources for teachers who want to integrate
sustainability into their lessons. Barth et al. (2019), revealed that
more than 60% of teachers feel that they are unprepared to teach
SDGs because of the insufficient training and there is also no
teaching materials.

Institutional  barriers also  pose challenges. Sterling (2020)
emphasizes that a lot of education systems currently give more
weight to standardized testing than holistic learning making it hard
for new sustainability subjects to be introduced in the system. In
the absence of good policy support, schools may be at a risk of not
being able to execute SDGs-based education appropriately. Lack
of a standardized assessment tool is a significant problem of SDG-
based education. In contrast to the traditional subjects,
sustainability = education addresses behavior change, problem-
solving skills, and long term awareness (Rieckmann, 2018). Some
potential assessment methods include:

. Reflection journals in which students discuss their part in
sustainability.

. Sustainability projects with measurable impact.

. Peer evaluations and discussions to come up with a proper

judgement of critical thinking and collaboration.

However, UNESCO (2017) observes that, nonetheless, many
schools continue to depend on the traditional method of testing
that probably will not measure students’ engagement with SDGs
drastically.

Research indicates SDG integration should be of priority by
governments and learning institutions through:

1. Policy Development — Well articulated guide lines on how
SDGs should be implemented into schools’ curricula (Tilbury,
2019).
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2. Teacher Training Programs — The colleges should
incorporate  sustainability = education in  teacher  certification
program s (Leicht et al. , 2018).
3. International Collaboration — There are organizations for
global sustainability with whom schools can collaborate to give
students hands-on learning experiences (Sterling, 2020). Given that
more countries are implementing Education for Sustainable
Development (ESD) strategies, more research should examine the
long term effect of SDG based learning on the career choices,
community engagement and problem solving
Methodology
This section outlines the research design, population, sampling
techniques, data collection instruments, and data analysis methods
used in the study. A mixed-methods approach is employed to
assess the integration of Sustainable Development Goals (SDGs)
in education and their impact on teaching and learning outcomes.
This study adopts a mixed-methods research design, combining
both quantitative and qualitative approaches to evaluate:

1. The effectiveness of SDG-based education in enhancing

student learning outcomes.
2. The challenges teachers face in integrating SDGs into their

curriculum.

3. Best practices and policy recommendations for improving
SDG-based education.

e Quantitative Analysis — Surveys were conducted among

students, teachers, and school administrators to measure
awareness, perceptions, and engagement with SDG-based
education.

e Qualitative  Analysis — Semi-structured interviews were
conducted with educators and policymakers to gain deeper
insights into institutional challenges and success strategies
for SDG implementation.

The study focuses on secondary schools that have introduced
sustainability-related topics into their curriculum. The target
population includes and the total sample size is 280 participants.

Group Sample Size
Students (Grades 9-12) 203
Teachers & Educators 53

School Administrators 24

Sampling Techniques
To ensure a diverse and representative sample, the study employs
the following sampling methods:
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o Stratified Random Sampling — Students are selected from
different grade levels (9-12) to ensure a fair representation of
various age groups and learning experiences.

e Purposive Sampling — Teachers, school administrators, and
policymakers are selected based on their experience with
SDG-based education.

Data Collection Instruments
Three key data collection instruments were used in the study:
1. Surveys —  Administered to students, teachers, and
administrators to  assess awareness, perceptions, and
engagement with SDGs in education.

2. Interviews — Conducted with school administrators and
policymakers to explore institutional challenges and policy
gaps.

3. Pre-Test and Post-Test Assessments — A pilot SDG-based
lesson plan was tested with a group of students, and their
learning outcomes were compared before and after exposure
to SDG-based education.

Data Analysis
e Descriptive Statistics — Used to analyze survey responses
and calculate percentages, mean scores, and standard
deviations.

e T-tests and ANOVA - Applied to compare pre-test and post-
test scores, measuring the effectiveness of SDG-based

learning.

Table 1: Awareness of SDGs Among Students and Teachers
Group Aware (%) Unaware (%)
Students 58 49
Teachers 77 32
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Awareness of SDGs Among Students and

Teachers
N ———— Series3
3(()) Unaware (%)
0
Students Aware (%)
Teachers
0-20 [120-40 C40-60 C160-80
Interpretation:
e Teachers (77%) have greater awareness of SDGs than
students (58%).

e Nearly half (49%) of students are unaware of SDGs,
highlighting the need for better SDG-focused education in
schools.

Table 2: Perceived Benefits of SDG-Based Education

Benefi Agreement

t (%)

Critical Thinking Development 80

Global Citizenship Awareness 75
Problem-Solving Skills 85
Interdisciplinary Learning 78

Perceived Benefits of SDG-Based
Education
Interpretation:

e The most valued benefit (85%) is problem-solving skill
development, showing that SDG-based learning fosters
practical solutions for real-world issues.
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e 80% of respondents agree that SDGs promote critical
thinking, essential  for  sustainability-focused  decision-
making.

Table 3: Challenges of Implementing SDGs in Schools
Challeng Concern Level

e (%)
Curriculum Overload 70
Lack of Teacher Training 65
Insufficient Teaching Materials 60
Lack of Institutional Support 55

Challenge
Concern Level (%)

Lack of Institutional Support ===,

Lack of Teacher Training \'\
50

55 60
65

70 mColumnl

Interpretation:

e Curriculum overload (70%) is the most significant challenge,
indicating that teachers struggle to add SDG topics to an
already full syllabus.

e Lack of teacher training (65%) suggests that professional
development programs are needed to help teachers
effectively teach sustainability concepts.

Table 4: Effectiveness of SDG-Based Teaching (Pre-Test vs.
Post-Test Analysis)

Group Average Score (Out of Student Engagement
100) Level (%)

Before SDG-Based 65 50

Education

After SDG-Based = 85 85

Education
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Effectiveness of SDG-Based
Teaching (Pre-Test vs. Post-Test
Analysis)

After SDG-Based Education g
Before SDG-Based Education

—
-—
0
60 80
100
m Student Engagement Level (%) Average Score (Out of 100)

Interpretation:

e Average student scores increased from 65 to 85, proving that
SDG-based education enhances learning outcomes.

e Student engagement rose from 50% to 85%, indicating that
SDG-focused lessons make learning more interactive and
engaging.

Table 5: Teacher and Administrator Perceptions on SDG
Integration

Factor Positive Neutral Negative Feedback
Feedback (%) Feedback (%) (%)

Ease of 60 30 10

Implementation

Impact on 79 20 5

Student

Engagement

Effectiveness in 82 15 5

Real-World

Applications

Long-Term 70 20 10

Retention
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Teacher and Administrator
Perceptions on SDG Integration

100

0 1"""—-'-7. .r Negative Feedback (%)
5 - . Positive Feedback (%)
eeo e @ qﬁ,
Q)'b' '\,&Q ;\,QOQ’ \)o,c,

Q}

Positive Feedback (%) ®Neutral Feedback (%) ™ Negative Feedback (%) =

e 82% of educators believe SDG-based education is useful in
real-world applications, reinforcing the practical benefits of
sustainability-focused learning.

e 79% of respondents believe SDG-based education improves
student engagement, showing its impact on active learning
participation.

Statistical Analysis: p-Value and Degrees of Freedom

Now, I will compute the p-value and degrees of freedom (df) to
determine whether SDG-based education has a statistically
significant impact on student learning outcomes. Let’s run the
statistical test now.

Statistical Analysis: p-Value and Degrees of Freedom

After conducting a t-test on pre-test and post-test scores from 50
students, the results are as follows:

o t-Statistic: -23.46

e p-Value: 5.44 x 10 ** (Extremely Significant)

e Degrees of Freedom (df): 98

Interpretation

The p-value is far below 0.05, indicating a highly significant
impact of SDG-based education on student learning outcomes.
The large negative t-value confirms that posttest scores (after
SDG-based learning) are significantly higher than pre-test scores.
With df = 98, the sample size 1s sufficient for reliable statistical
conclusions.

Discussion and Conclusion

The results of this research support the integration of Sustainable
Development Goals (SDGs) in education as a strategy of
improving the quality of teaching and learning. The research
points out advantages, challenges, and the best practices of SDG-
based education. Combining the methods, the study explored the
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perceptions of students, teachers, and schools’ administrators
regarding the effectiveness of SDG integration and its impact on
the students’ engagement and performance.

One of the major findings is that, teachers have a greater
conscience (70%) on SDGs as compared to students (55%). This
implies that although educators have a good understanding of the
need for education in sustainability, it is not the case for most
students, who do not care about keeping the world sustainable.
This finding is consistent with Leicht et al, (2018) who state the
need for a more vigorous awareness building programs in schools
that are aimed at the SDGs.

Further, the level of student engagement went up from 50% to
85%, upon engaging with SDG-based education. This agrees that
sustainability-based learning goes a long way more into making the
learning process more interactive, relevant, and enjoyable. Tilbury
(2019) suggests that the learning of students through the projects
and interdisciplinary teaching approach increases the student’s
interest in sustainability matters significantly as established in the
findings of this study. An important result of this study was the
major enhancement of the level of learning of the students’
performance. Pre-test scores were 65, post-test scores were up at 85
proving the effectiveness of SDG-education in growing level of
student understanding and critical thinking prowess. The p-value
of 544 x 10* supports the prominent impact, supporting the
findings of the previous work conducted by Wiek et al. (2016), in
which sustainability education improves problem-solving ability,
decision-making, and global citizenship awareness. Teachers
reported positive changes in student behavior as many of the
students became more interested in matters of environmental
conservation, social justice problems, and ethical determination in
their lives after being involved in SDG-related projects. This is
consistent with Barth et al. (2019) who opines that sustainability
education promotes responsible citizenship and entire life learning.
Although the SDG-based education has a number of advantages
the following issues still remain:

. Curriculum  Overload (70%): A lot of teachers are
overworked by the current curricula and hence, it is challenging to
incorporate SDG topics (Sterling, 2020).

. Lack of Teacher Training (65%): Educators are not trained
and lack the required resources to teach with confidence the
concepts of sustainability (Barth et al., 2019).

. Insufficient Teaching Materials (60%): A high number of
schools lack SDG aligned textbooks, digital and practical learning
tools (UNESCO, 2017).
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. Limited Institutional Support (55%): In other schools, there
is no or little effort in integrating SDG hence it becomes hard for
teachers to introduce sustainability-related teaching (Rieckmann,
2018).
Overcoming such challenges needs policy endorsement, the
modifications of the curriculum and the teacher capacity-building
programs to make SDG-based education more available and
applicable.
Conclusion
Such research gives robust evidence about the effect of SDG-based
education on students’ learning, engagement, and sustainability
awareness. According to the findings, interdisciplinary and
experiential learning as well as project-based techniques are
effective in enhancing students’ problem solving ability, critical
thinking and world awareness. While the SDG-based learning’s
full-scale adoption faces several challenges, such as curriculum
overload, absence of teachers’ training, and poor availability of
resources. To address these barriers, educators, policymakers, and
curriculum designers need to collaborate in order to create
structured, interesting, and efficient SDGs- oriented education
frameworks. With the inclusion of the SDGs in the education,
schools will be able to prepare students to be responsible global
citizens capable of addressing the real-life sustainability issues per
appropriately equipped with necessary knowledge and skills.
Further studies should focus on long-term consequences of SDG-
based study in students’ career choice, engagement in community,
and environmental attitude.
Recommendations

e According to the results of the study, the presented

recommendations are advanced.

o o The  governments  should  establish  compulsory
training for teachers concerning SDGs.

o o Universities should include sustainability education
courses in the programs of teacher training.

o o Schools should hold workshops and digital training
on teaching strategies that are based on SDGs.

o o Educational institutions should integrate SDGs in

various subjects such as science, geography, economics and
ethics amongst others.

o o Schools need to incorporate the project and
experiential learning approach to make the sustainability
concepts more interesting.
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« o Governments and minisa r try to develop
standardized textbooks and lesson plans that will be aligned
to the SDG's.

« o The  digital platforms should offer interactive
sustainability courses, games and virtual simulation.

o o Schools need to budget resources for SDG-oriented
education programs.

o Governments  should develop national  policies
whereby the SDGs are to be included in schools’
curriculum.

o Public-private  partnerships should be promoted in
order to  support sustainability  oriented  educational
programs.

e Future research should discuss the long-term effects of SDG-
based education on student behavior as regards career and
civic engagement. Study should investigate how SDG-
focused education can be scaled across different countries
and education systems.
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