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Abstract. This study presents a technology-enhanced blended learning model 

designed to advance sustainable education in higher education institutions. The 

research focuses on the “Era of Carbon Neutrality” curriculum at Sanming Uni-

versity, integrating the Chinese Students’ Core Competency Framework with 

UNESCO’s Education for Sustainable Development Goals. The curriculum em-

ploys a multi-dimensional evaluation method combining online and offline as-

sessments, enabling comprehensive evaluation of students’ learning processes 

and outcomes. Over two semesters, the course demonstrated high student engage-

ment and effective transdisciplinary learning, with most participants completing 

significant portions of online tasks. This model not only addresses educational 

gaps but also promotes social responsibility and practical innovation among stu-

dents. As the global community strives for carbon neutrality, the study under-

scores the need for higher education to adapt and innovate in training individuals 

equipped to contribute to a sustainable future. The proposed method offers a vi-

able pathway for educational institutions to align their strategies with sustaina-

bility goals, fostering the next generation of leaders capable of navigating com-

plex environmental challenges. 

Keywords: Technology-Enhanced Learning, Sustainable Education, Transdis-

ciplinary Curriculum Design, Evaluation Framework. 

1 Introduction 

Higher education plays a crucial role in shaping leaders who influence the environment, 

economy, society, and culture. The United Nations Educational, Scientific and Cultural 

Organization (UNESCO) enhances higher education’s contribution to sustainable de-

velopment through its Global Engagement Program, focusing on embedding sustaina-

bility within education [1]. However, the implementation of Sustainable Development 

Goals (SDGs) faces challenges, particularly in less developed regions exacerbated by 

the COVID-19 pandemic [2]. In the post-pandemic era, higher education’s proactive 

role in addressing SDGs has gained recognition [3], prompting institutions to integrate 

sustainability into curricula [4]. Although UNESCO’s 2017 publication provides rec-

ommendations for Education for Sustainable Development (ESD) implementation [5],  
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a lack of effective ESD content due to rapid socio-economic development and emer-
gence of climate crises [6]. Developing an effective framework for sustainable educa-
tion challenging. Despite some existing assessment processes, effectively activating
this learning remains elusive [7], with cultural and political contexts influencing ESD
integration [8]. Integrating ESD into existing educational systems presents further chal-
lenges [9].

China’s education system is shifting towards competency-based education, focusing
on developing students’ core competencies. As climate change becomes increasingly
urgent, achieving carbon neutrality is a global priority. However, UNESCO findings
reveal that climate change education is lacking in many national curricula [10]. Ad-
dressing global warming as a “wicked problem” requires interdisciplinary and collab-
orative efforts between academia and society [11]. ESD should encourage students to
engage in boundary-crossing learning processes essential for navigating an unpredict-
able future [12]. Transdisciplinary curricula in higher education are increasingly recog-
nized as critical for generating innovative solutions [13].

China’s dual carbon goals of peaking carbon emissions by 2030 and achieving car-
bon neutrality by 2060 pose new challenges in education. The Ministry of Education’s
2022 “Work Plan” emphasizes green and low-carbon education, requiring higher edu-
cation institutions to optimize curricula and teaching methods to develop leaders capa-
ble of driving low-carbon development. This study addresses two questions: How can
ESD be implemented through transdisciplinary curriculum design? How can students’
ESD learning outcomes be evaluated? As higher education increasingly incorporates
Information and Communication Technology (ICT), Technology Enhanced Learning
(TEL) offers various applications for advancing education [14]. This study examines
“The Era of Carbon Neutrality” curriculum at Sanming University, proposing a tech-
nology-enhanced blended learning model for ESD through transdisciplinary curriculum
design, teaching practice, learning feedback, and multi-dimensional evaluation.

2 Case Study of ESD

2.1 Curriculum Design of “The Era of Carbon Neutrality”

The curriculum design includes four components: core competency, transdisciplinary
competency, lesson design, and learning evaluation. Offered to all undergraduates,
“The Era of Carbon Neutrality” curriculum integrates the “Chinese Students’ Core
Competency Framework” with UNESCO’s “Education for Sustainable Development
Goals: Learning Objectives,” highlighting shared educational philosophies. Both
frameworks emphasize the role of education in fostering individuals who contribute
positively to society, with a focus on holistic student development. They prioritize com-
petencies like systems thinking and collaboration, and advocate lifelong learning. These
commonalities underscore the universality of educational aspirations, offering oppor-
tunities for mutual learning across cultures. Despite diverse contexts, both frameworks
are dedicated to developing well-rounded individuals capable of meeting 21st century
challenges with a global perspective.
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The curriculum integrates core and transdisciplinary competencies to address carbon
neutrality challenges (Table 1). Students engage in discussions exploring the intersec-
tion of carbon neutrality strategies with urbanization, scientific knowledge about net-
zero emissions, and mechanisms of carbon inclusivity. The curriculum encourages re-
flection on personal choices with a carbon neutrality framework and fosters social re-
sponsibility through discussions on greenhouse gas emissions. Practical innovation
connects students with carbon neutrality practices relevant to their majors, supported
by quizzes and discussion on innovative models across sectors. This holistic approach
equips students with the competencies necessary to contribute to a sustainable future.

Table 1. Curriculum design components.

Core compe-
tency

Transdisciplinary compe-
tency Lesson design Learning evalua-

tion

Humanistic
foundation

Cultural understanding of
global climate impact

Carbon neu-
trality strate-
gies of differ-
ent countries

Quiz and discus-
sion on synergy
between neutral-
ity and urbaniza-
tion

Scientific
spirit

Basic scientific
knowledge of carbon neu-
trality

Corporate
pathways to
net-zero emis-
sions

Quiz and discus-
sion on net-zero
strategies

Learning to
learn

Autonomous, coopera-
tive, and inquiry-based
learning

Carbon mar-
ket dynamics

Quiz and discus-
sion on carbon
inclusive mecha-
nisms

Healthy living Green living concepts,
low-carbon lifestyles

Personal life-
style choices
in carbon neu-
trality context

Quiz and discus-
sion on lifestyle
reflections

Responsibility
Individual roles in carbon
neutrality and social re-
sponsibility

Greenhouse
gas emissions
and climate
change

Quiz and discus-
sion on the trag-
edy of the com-
mons

Practical In-
novation

Carbon neutrality prac-
tices relevant to students’
majors

Carbon man-
agement in
various sec-
tors

Quiz and discus-
sion on innova-
tive carbon neu-
trality models

2.2 Multi-Dimensional Evaluation Method

The curriculum uses a blended online-to-offline (O2O) evaluation method, where learn-
ing processes and final report contribute 40% and 60% of the total grade, respectively.
The evaluation includes attendance (25%), classroom performance (50%), and
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homework (25%). Technologies like the internet and online teaching platform facilitate
assessment in large classes.

Final assessments require students to submit practical reports, either individually or
in teams. The curriculum emphasizes university social responsibility (USR) and global
sustainable development, encouraging students to explore interdisciplinary knowledge
with each other. After receiving teacher feedback on their homework, students select
report topics, incorporating a self-assessment element. Assessment options include es-
says, volunteer activities, green projects, videos, or competitions. The “Impact” score
is peer-reviewed, assessing how many people were influenced by the students’ effort,
such as through participation or viewership, thereby providing a broad and comprehen-
sive evaluation. The evaluation framework emphasizes students’ transdisciplinary in-
tegration and their contributions to environmental sustain-ability as shown in Figure 1.

Fig. 1. Multi-dimensional evaluation framework.

3 Technology-Enhanced Blended Learning for ESD

3.1 Implementing ESD with a Technology-Enhanced Blended Learning
Approach

The curriculum is accessible to all undergraduates, with a maximum of 150 students
per class. It uses a blended teaching model supported by the Chaoxing Learning Plat-
form. The instructional schedule includes carbon neutrality news, lesson content, and
discussions. Lessons combine offline teaching with multimedia formats like online
news and videos, followed by interactive quizzes and discussions. After each lesson,
offline interactions are paired with online quizzes or questionnaire voting for immediate
feedback. Discussions, stemming from current news, cases, or student practices, are
conducted in an O2O manner, enabling simultaneous participation. Students participate
using smartphones or tablets, with real-time word clouds generated from the online
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platform, or expanding discussions based on students’ contributions. Additionally, sta-
tistical data from the platform allows for timely learning warnings to students with low
participation, aiding instructors in monitoring progress. All activities, from team for-
mation to practical theme selection and discussions, are managed through online shared
documents, enabling real-time collaboration among class members.

3.2 Results of Technology-Enhanced Blended Learning on ESD

The curriculum was implemented over two semesters -- fall 2023 and spring 2024 --
with 297 students enrolled across 35 different majors, such as civil engineering, envi-
ronmental engineering, and financial management. The online platform recorded
188,879 page views and 1,369 interactions by August 2024. In fall 2023, 26 tasks were
assigned, with 65% of students completed over 77% of them, as shown in Figure 2 (a).
In spring 2024, 23 tasks were assigned, and about 72% of students completed over 78%
of them, as shown in Figure 2 (b).

“The Era of Carbon Neutrality” curriculum significant impacted students, as evi-
denced by their reflections and feedback. Students reported heightened awareness and
a comprehensive understanding of carbon neutrality, recognizing it as critical in ad-
dressing climate change. They expressed a strong sense of personal responsibility and
commitment to sustainable development in their lives and careers. The curriculum
broadened their perspectives to include an appreciation for the global dimensions of
carbon neutrality, including international policies and the balance between environ-
mental protection and economic development. Additionally, students gained insights
into the technical aspects of carbon-neutral technologies and the urgent need for action,
motivated by proactive measures taken by various countries. This learning experience
inspired students to make meaningful contributions to carbon neutrality, instilling a
profound sense of mission for the future of our planet. Some students also participated
in the International Environmental Protection Public Welfare Competition, winning 2
silver and 1 bronze award in the China Division.

Fig. 2. Lesson tasks completion rate.
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4 Conclusion

The study demonstrates the effectiveness of a technology-enhanced blended learning
model in promoting sustainable education through the “The Era of Carbon Neutrality”
curriculum. The integration of ICT enriched the learning environment, deepening stu-
dents’ understanding of SDGs. A multi-dimensional evaluation method ensured com-
prehensive assessment, reflecting academic rigor and practical relevance. The model
successfully increased student engagement and facilitated transdisciplinary learning,
crucial as China targets carbon neutrality. This approach provides a viable pathway for
higher education institutions to innovate educational strategies, fostering leaders
equipped to address sustainability challenges.

Acknowledgments

This study was supported by the 2022 Sanming University Scientific Research Start-up
Fund Project (Grant no: 22YG12S).

References

1. Li, Y., Liao, T., Li, J.: Optimizing higher education for sustainable development through the
design and implementation of the global engagement program. Sustainability 15(13), 10098
(2023).

2. Yi, C., Liu, H., Wang, S., Cui, X., Li, Q.: Global action on SDGs: policy review and outlook
in a post-pandemic era. Sustainability 13(11), 6461 (2021).

3. Healey, N.M.: Reinventing international higher education for a socially just, sustainable
world. Perspectives: Policy and Practice in Higher Education 27(4), 169–178 (2023).

4. Uggla, Y., Soneryd, L.: Possibilities and challenges in education for sustainable develop-
ment: the case of higher education. Journal of Education for Sustainable Development 17(1),
63–77 (2023).

5. UNESCO.: Education for Sustainable Development Goals: learning objectives. United Na-
tions Educational, Scientific and Cultural Organization, Paris (2017).

6. Glavič, Peter.: Identifying key issues of education for sustainable development. Sustainabil-
ity 12(16), 6500 (2020).

7. Giangrande, N., White, R.M. East, M., Jackson, R., Clarke, T., Coste, M.S., Penha-Lopes,
Gil.: A competency framework to assess and activate education for sustainable development:
addressing the UN sustainable development goals 4.7 challenge. Sustainability 11(10), 2832
(2019).

8. Witoszek, Nina.: Teaching sustainability in Norway, China and Ghana: challenges to the
UN programme. Environmental Education Research 24(6), 831–844 (2017).

9. Abidin, M.S.Z., Mokhtar, M., Arsat, M.: Unraveling the challenges of education for sustain-
able development: a compelling case study. Qualitative Research Journal 24(4), 408–424
(2024).

10. UNESCO  Office  Bangkok  and  Regional  Bureau  for  Education  in  Asia  and  the  Pacific:
Greening Education Partnership: getting every learner climate-ready,
https://unesdoc.unesco.org/ark:/48223/pf0000389128?posInSet=1&queryId=e33c158c-
5903-404b-9844-006591f430c4, last accessed 2024/9/2.

A Technology-Enhanced Blended Learning Model for Sustainable Education 301



11. Wals, A.E.J.: Beyond unreasonable doubt. Education and learning for socio-ecological sus-
tainability in the Anthropocene. Wageningen University, Wageningen (2015).

12. Gulikers, J., Oonk, C.: Towards a rubric for stimulating and evaluating sustainable learning.
Sustainability 11(4), 969 (2019).

13. Tsao, J., Kochhar-Lindgren, G., Lam, A.M.H.: Institutionalising a transdisciplinary curric-
ulum: assemblages, territories, and refrains. Higher Education (2024).
https://doi.org/10.1007/s10734-024-01250-w.

14. Orozco-Messana, J., Martínez-Rubio, J.M., Gonzálvez-Pons, A.M.: Sustainable higher ed-
ucation development through technology enhanced learning. Sustainability 12(9), 3600
(2020).

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
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