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Abstract: A course inventory module, based on the Curriculum Framework for the Sustainable
Development Goals (SDGs) published by the Commonwealth Secretariat, has been embedded into
the online curriculum system at the National University of Kaohsiung (NUK) since 2018. The primary
aim of this study is to explore the sustainability status of the course offerings and to understand
the interdisciplinary capacity in pursuing the SDGs at NUK. At the university level, a total of
1200–1300 courses (approximately 57% of courses) were reported to be related to SDGs, where the
curriculum of NUK mainly emphasized SDGs 3, 4, 8, 9 and 16. However, our study indicates that
many SDGs are still not focused in the curriculum of all colleges. Two patterns of the SDGs-related
course framework were observed at the college level: One is the college course offerings linked to a
wide variety of SDG content; while the second pattern is the college course offerings linked only to
specific SDG content, mainly dependent on the subject areas of colleges. Our study suggests that
the number of SDGs covered by a course reflects the diversity of the sustainability topics covered
in the course. The metric gives an indication of the areas covered and, thus, also points to blind
spots (i.e., insufficiencies). Moreover, it can also give an indication of the diversity within colleges,
which could suggest future paths for transdisciplinary development. An understanding of the
baseline status of sustainability in the university curriculum provides opportunities for universities
to plan their strategies for sustainability and prioritize the allocation of resources accordingly.

Keywords: sustainable development goals; SDGs; higher education; curriculum; course inventory;
institutional research; faculty engagement; sustainability

1. Introduction

In 2015, the United Nations approved the 17 sustainable development goals (SDGs) as the new
working framework for sustainable development, which is based on five pillars: people, prosperity,
peace, partnership and the planet, in order to end poverty, protect our environment, and ensure
prosperity for all [1]. The 17 SDGs highlight a global vision for sustainability, in which higher
education institutions (HEIs) should play an important role [2–7]. HEIs are uniquely placed to link
the local and global societies, educating young and future leaders and having a strong influence
on decision-makers in many societies. Many leaders in all sectors of society, from government to
private sectors, have graduated from HEIs. For example, all elected Presidents of Taiwan, to date,
have been graduates of National Taiwan University [8]. According to the latest statistics released by

Sustainability 2020, 12, 4274; doi:10.3390/su12104274 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
http://dx.doi.org/10.3390/su12104274
http://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/12/10/4274?type=check_update&version=2


Sustainability 2020, 12, 4274 2 of 21

the Taiwanese Ministry of the Interior (2020), 46% of Taiwan’s population aged 15 and above hold a
technical college or university degree [9]. Therefore, if university graduates value the importance of
sustainable development and are aware of SDGs, the transformation of society towards sustainability
is more likely to happen.

Transitions are to be understood as a complex and long-term ambition to shift from analyzing and
understanding problems towards identifying pathways and solutions for desirable environmental
and societal change [10]. Sustainability transitions are long-term, multi-dimensional and fundamental
transformation processes, through which established socio-technical systems shift to more sustainable
modes of production and consumption [11,12]. In the case of higher education, a paradigm shift
in education should be undertaken, in order to educate students in all degree programs to be SDG
Literate [13]. Leal Filho pointed out that some key areas, including sustainability in the curriculum,
sustainability on campuses, sustainability literacy, sustainability research, sustainability governance
and sustainability reporting and thematic integration need to be accelerated in a higher education
context [13]. As an example of the function SDGs can play in HEIs, Deleye et al. analyzed the
Flemish higher education system using a multi-level perspective (MLP) on sustainability transitions,
indicating that there are 16 opportunities for the further integration of sustainability into higher
education [14]. Among them, SDGs can be seen multitools for a communication instrument and
implementing sustainability education through competences can be an effective way to structurally
embed sustainability in curricula [14].

HEIs are central players in the achievement of SDGs. Indeed, education has been identified
as a standalone goal in the SDGs (SDG 4: quality education). Based on the analysis of 40 UN
flagship reports published between 2006–2015, it has been demonstrated that SDG 4 links with all
other SDGs, except for SDG 14 (life below water) [15]. However, the vision offered by HEIs is too
narrow and unable to capture the essence and full meaning of sustainable human development [16].
Universities have their comfort zone, where academics and departments may tend to rely on silo
approaches in teaching and research activities [4,16]. It has been demonstrated that the major obstacles
to implementing SDGs in universities include a lack of support from administration and management
operation, a lack of interest in or concern with sustainability issues and a lack of structural units
such as committees [17]. Lozano also reported that there are barriers that prevent universities from
incorporating sustainable development into their institutional systems [18]. The resistances to change
include a lack of information, psychological and emotional reactions towards change, unwillingness to
co-operate to make changes, procrastination and power struggle issues [18]. To help universities to
engage with the SDGs, the UN Sustainable Development Solutions Network (SDSN) has recommended
that universities can contribute to the SDGs through four aspects;, namely, education, research,
governance and operations and external leadership [19]. Besides the traditional missions of HEIs,
the third mission of HEIs—emphasizing knowledge and technology transfer, further education and
social engagement—has attracted attention [20]. As the third mission of HEIs, the engagement
of pursuing the SDGs for HEIs which link up with external stakeholders and society should be
considered an opportunity [21]. It helps to transform the curriculum by combining the content of
courses with SDGs, creates funding streams to support research programs, and facilitates collaboration
with society [13,18,19,21]. As such, the integration of SDGs and the concepts and principles of
sustainable development into the curriculum of higher education is certain to be one of the dimensions
of sustainability at universities.

The course inventory consists of courses that have been approved by the university. For each
course, the basic information should be provided, including the course title, course instructors,
course credits and course description (e.g., the syllabus). A study conducted by Penn’s Integrating
Sustainability Across the Curriculum (ISAC) program demonstrated that course inventories increase
both student and faculty awareness of sustainability course offerings [22]. As pointed out in their study,
the promotion of a course inventory fosters dialogue among students and underscores the inherently
interdisciplinary aspects of sustainability across Penn’s diverse course offerings [22]. According to the
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Sustainability Tracking, Assessment, and Rating System (STARS) developed by the Association for
the Advancement of Sustainability in Higher Education (AASHE), an inventory of academic offerings
conducted by HEIs provides an important foundation for advancing a sustainability curriculum [23].
It provides a baseline for understanding the current offerings and can help institutes to identify both
strengths and opportunities for growth [23]. STARS has categorized sustainability courses into two
types: sustainability-focused and sustainability-inclusive courses.

On the other hand, numerous studies have applied SDGs as indicators to evaluate the degree of
integration of sustainability in the curriculum, from university to department level (see, e.g., [24–26]).
For instance, Lovren et al. analyzed the outcomes defined in the curricula of subjects within their
three faculties using the UNESCO learning objectives related to selected SDGs as a criteria at the
University of Belgrade [24]; while a university-wide study was conducted by Albareda-Tiana et al. at
the International University of Catalonia to explore the curricular implementation of topics linked
to the SDGs using the degree reports of the university [25]. Surveys of the curriculum for course
mapping with SDGs were found to be able to help staff and students to understand the SDGs in the
university [27]. Universities who provide the annual sustainability reports are often required to report
their sustainability curriculum as a basic component [28]. NUK has already established an online
course inventory system which teachers can access to upload an individual course syllabus to the
public since 2006 [29]. On the basis of this foundation, we have further embedded an SDGs course
inventory module into the current online curriculum system, in order to explore the relationship
between the curriculum and SDGs since 2018. Similar approaches have been applied in different HEIs.
For example, Nottingham Trent University (NTU) has developed a university-wide system to integrate
the SDGs into their core curriculum since 2016 [30]. The system entitled, “Curriculum Refresh” has
been used to assess the sustainability content of the more than 640 courses at NTU. All courses at NTU
are encouraged to explore how their disciplines can achieve the SDGs and how they can collaborate for
the SDGs [30]. Though the use of SDGs as global indicators has been criticized as being too broad
and confusing [21,31], our strategy is to embed the curriculum framework of SDGs into our course
inventory system to assess the sustainability content of the course offerings and, through the process,
to promote awareness about SDGs around the university. As a result, we collected data from the SDGs
course inventory embedded online curriculum system for three consecutive semesters (from the fall
semester of 2018 to that of 2019).

2. The Context: Transforming National University of Kaohsiung towards Sustainability

The National University of Kaohsiung (NUK) is the newest comprehensive national university in
Taiwan, established in 2000. With approximately 5500 students and 250 full-time faculty members,
the university is comprised of five colleges, a general education center, 21 departments, 23 master
programs and 3 Ph.D. programs [32]. The five colleges include law, humanities and social sciences,
management, science and engineering; a detailed academic organization structure can be found in
Table 1. The academic year of NUK is a two-semester system. Approximately 1200–1400 courses are
offered each semester. As the university was established in the current millennium, NUK strives to
embrace sustainability as one of the university’s core values. Therefore, NUK was the first Taiwanese
university to sign the Talloires Declaration in 2004.

The first stage (2004–2015) of the sustainability transitions at NUK was focused on the “hardware”
infrastructure [33]. NUK established a water recycling system which recovers up to 85% of wastewater
for reuse inside the campus. The campus buildings accredited as green buildings were all constructed
based on the green building labeling system regulations in Taiwan. In addition, a solar panel system
was installed on the roof of the buildings in 2005 and a 1.2-MW total solar photovoltaic system was
further completed in 2018. It can be seen that the efforts of NUK during this first stage are part of the
“sustainability on campuses” idea.

In the second stage (2016–present), NUK realized that the SDGs can serve as a “common language”
which bridges NUK to higher education communities around the world. Therefore, NUK started
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its transition to “software” infrastructure and proposed an SDGs-Inside policy as guidance for the
university’s long-term development plan in 2018 [33]. The SDGs-Inside policy of NUK, approved
by the University Council (the highest authority of the university), is to commit the university
to embed sustainability across all aspects and, therefore, support and promote the SDGs through
our research, education and operations [33]. To strengthen the connection with its external partners,
NUK became one of the founding members of The Alliance for sustainable development goals (A·SDGs)
established by Taiwan Institute for Sustainable Energy (TAISE) in 2018. The Alliance, including
11 governmental agencies, 12 universities, 44 corporations, five think-tank research institutions and
11 non-governmental organizations, is the largest Taiwanese SDG platform serving to foster Taiwan’s
sustainable development [34]. As part of the university’s social responsibility, NUK has published
an annual sustainability report since 2018 and collaborated with TAISE through the Alliance to offer
corporate social responsibility (CSR) lectures, training courses for SDGs in higher education and a
cross-sectoral SDG forum. In regional collaborations, Sunway University of Malaysia, Srinakharinwirot
University of Thailand, and NUK have established an annual Universities for SDG Forum to exchange
scientific materials and joint research since 2019 [35].

NUK participated, for the first time ever, in university ranks that are based on the outcomes of
implementation of SDGs conducted by the Times Higher Education (THE) [36]. The THE University
Impact Rankings opens a new horizon: that the evaluation of a university’s performance no longer
relies on achievements in academia. The bigger trend is to look at their impact at a broader level,
including society, environment and partnerships. The motivation of the authors to initiate this research
on the SDGs course inventory—to understand the baseline status of the university curriculum as an
aspect of sustainability of NUK—was conceived due to the processes inspired by the THE University
Impact Rankings, capturing the impact of universities on society based on institutional successes in
delivering the SDGs [36].

In this study, we investigate the curriculum framework associated with SDGs at NUK at the
department, college and university levels. The objectives of the research are aimed at: (1) establishing
a baseline status of sustainability in the overall curriculum of NUK through the distribution of
SDGs-related courses at different levels, (2) understanding the interdisciplinary capacity of the faculty
members in pursuing the SDGs and (3) offering evidence-based practice for departments to reform
their curriculum by integrating SDGs. The SDGs course inventory provides opportunities to gain
insights into the whole structure of the curriculum framework, such that a university may plan its
strategy for sustainability accordingly.

3. Methods

This research was undertaken as a case study, where the research framework of the study indicating
the following steps is shown in Figure 1.

1. Data collection—Using the NUK online syllabus system embedded with a SDGs course inventory
module to collect sustainability data of courses;

2. Data analysis—Investigating the current curriculum framework associated with SDGs at NUK at
the department, college and university level and virtualizing the results for in-depth interpretation;

3. Dimension analyzed—Based on the objectives, analyses were conducted in three dimensions:
First, to understand the distribution of SDGs-related courses at different levels. Second, to
determine the most relevant SDGs respect to different colleges. Third, the interdisciplinarity
analysis measured by the diversity of SDGs. Finally, the potential outcomes that may apply to
those wishing to take a similar approach are recommended.
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Figure 1. Research framework of the study.

3.1. Data Collection

Different methodologies for creating a sustainability course inventory have been developed in
both qualitative and quantitative research, such as a survey of academic faculty and keyword search of
course catalogue [23–26]. As mentioned above, AASHE recommends reporting sustainability courses
(i.e., sustainability-focused and sustainability-inclusive courses), justified by the course title, course
description and an indication of qualification [24]. We used our online syllabus system embedded
with a SDGs inventory module to collect sustainability course data. The content of the SDGs inventory
is based on the Curriculum Framework for the Sustainable Development Goals published by the
Commonwealth Secretariat [37]. The competencies provided by Commonwealth Secretariat are
specified in three categories, namely, knowledge, skills and values [37]. A systematic matrix model
with indicative core competencies can be readily used for programing. Thus, the inventory system
consists of two levels. The first level is the 17 SDGs level; while the second level is the competency
level, where teachers can select the SDGs which are relevant to their courses and, then, indicate the
competencies (according to the Curriculum Framework) to fit the course learning objectives. It is
required that all teachers complete the online syllabus before the beginning of a semester and, thus,
they are aware of the SDGs inventory module while preparing the online syllabus of their courses.
Teachers are encouraged to determine whether the course content of their courses covers the topics or
keywords of relevant SDGs using information from the course title, description and syllabus. Then,
the teachers go through the SDGs inventory system to assign SDGs which are relevant to their courses.
We believe that the course inventory is capable of facilitating the teachers to better understand how
their teaching materials are associated with SDGs and promoting their awareness of SDGs, as the
structuralized inventory system itself already implies an educational function of the concept of SDGs
for teachers. An example of the online system is given in Figure 2.
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3.2. Data Analysis

Data including three consecutive semesters was collected from the fall semester of 2018 to the
fall semester of 2019. The numbers of full-time faculty members and adjunct faculty members were
approximately 225 and 120, respectively. We encouraged all teachers to participate in the SDGs
inventory and there were 229, 220 and 289 teachers responding to the inventory within these three
semesters, respectively. The number of courses analyzed in this study were 1292 in the fall semester
of 2018, 1202 in the spring semester of 2019 and 1235 in the fall semester of 2019. The percentage of
courses identified to be related to SDGs was 55% in the fall semester of 2018, 51% in the spring semester
of 2019 and 65% in the fall semester of 2019. Table 1, which summarizes the total course offerings and
courses related to SDGs from each department among the five colleges and General Education Center,
provides critical information to understand the distribution of SDGs-related courses at different levels
and to determine the most relevant SDGs with respect to different colleges. Detailed inventory results
for the fall semester of 2018 are given in Table S1. It should be noted that the SDGs-related courses
may cover more than one SDG per course in the inventory, but users are recommended to assign no
more than three SDGs in their courses (based on the instructions of our inventory system).

To better elucidate our data, a virtualization treatment of data was further applied to examine
the interdisciplinarity analysis measured by diversity of SDGs. In order to achieve this, we used the
results of Table S1, which include the data of subtotal for each college and total for the whole university,
to calculate the weighting of each SDG with respect to all SDGs in terms of numbers for colleges and
whole university. The weighting reflects the focus of the specific SDG across the colleges and university
among the 17 SDGs.

For each unit, the weighting of a specific SDG is given by:

SDG X =
[

The total number o f a speci f ic SDG X f rom SDGs−related course o f f erings in a unit
The total number o f ALL SDGs f rom SDGs−related course o f f erings in a unit

]
× 100%. (1)

Equation (1) represents the ratio of the total number of a specific SDG to that of all SDGs from
SDGs-related course offerings in each unit, which refers to either the college or university level.
For example, the total number of SDG 1 (no poverty) and that of all SDGs collected from the General
Education Center course offerings were 22 and 318, respectively (Table S1). Thus, the weighting of
SDG 1-related courses offered by the General Education Center was 6.9%. Table S2 summarizes each
specific SDG weighting in all SDGs-related courses among the different colleges at NUK.
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Table 1. Number of total course offerings and the number of courses related to sustainable development goals (SDGs) from each department.

Academic
Division

Department Fall 2018 Spring 2019 Fall 2019

Total COURSES Courses Related
to SDGs Total Courses Courses Related

to SDGs Total Courses Courses Related
to SDGs

General Education
Center

Common Compulsory Curriculum 173 57 170 52 170 63

Humanities 30 20 33 19 33 24

Natural Sciences 25 18 24 13 24 16

Social Science 36 21 27 19 36 29

General Microcredit courses 10 7 6 6 18 14

Core Curriculum 41 24 40 30 34 29

Electives by Interest 3 2 2 2 2 2

Sub-Total 318 149 302 141 317 177

College of
Humanities and
Social Sciences

Common Learnings 11 5 1 1 11 7

Dept. of Crafts and Creative Design 8 5 10 5 18 8

Dept. of Kinesiology, Health and
Leisure Studies 55 44 52 37 51 42

Dept. of Athletic Performance 40 10 42 16 42 18

Dept. of Western Languages and
Literature 39 15 36 11 34 22

Dept. of East Asian Languages and
Literature 60 37 50 26 52 31

Dept. of Creative Design and
Architecture 46 28 40 22 25 17

Dept. of Architecture 15 5 17 6 27 14

Sub-Total 274 149 248 124 260 159
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Table 1. Cont.

Academic
Division

Department Fall 2018 Spring 2019 Fall 2019

Total COURSES Courses Related
to SDGs Total Courses Courses Related

to SDGs Total Courses Courses Related
to SDGs

College of Law

Dept. of Law 55 34 60 39 58 49

Dept. of Government and Law 61 5 52 2 57 7

Dept. of Economic and Financial Law 55 39 45 31 48 35

Sub-Total 171 78 157 72 163 91

College of
Management

Common Learnings 3 1 3 1 3 2

Dept. of Asia Pacific Industrial and
Business Management 47 21 39 19 36 28

Dept. of Finance 33 20 31 25 32 21

International Master of Business
Administration 11 4 10 8 10 10

Dept. of Information Management 37 18 33 22 41 35

Dept. of Applied Economics 32 23 27 15 28 20

Sub-Total 163 87 143 90 150 116

College of Science

Common Learnings 5 2 4 3 2 2

Dept. of Applied Chemistry 36 19 34 17 32 22

Dept. of Applied Physics 36 23 31 19 34 20

Dept. of Applied Mathematics 34 27 36 11 35 18

Dept. of Life Sciences 45 31 37 22 43 39

Institute of Statistics 12 5 10 3 10 4

Sub-Total 168 107 152 75 156 105
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Table 1. Cont.

Academic
Division

Department Fall 2018 Spring 2019 Fall 2019

Total COURSES Courses Related
to SDGs Total Courses Courses Related

to SDGs Total Courses Courses Related
to SDGs

College of
Engineering

Dept. of Civil and Environmental
Engineering 38 31 42 27 48 42

Dept. of Chemical and Materials
Engineering 35 22 35 14 31 27

Dept. of Computer Science and
Information Engineering 47 31 48 34 34 25

Dept. of Electrical Engineering 78 54 75 37 76 63

Sub-Total 198 138 200 112 189 157

Total 1292 708 1202 614 1235 805
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4. Results

4.1. University Level

As shown in Figure 3, it is evident that SDG 3 (good health and well-being), SDG 4 (quality
education), SDG 8 (decent work and economic growth), SDG 9 (industry, innovation and infrastructure)
and SDG 16 (peace, justice and strong institutions) were the relatively significant Goals related to
the course offerings at NUK; especially SDGs 4, 8 and 9. For instance, with a total of 1292 courses,
708 courses were indicated to link SDGs in the fall semester of 2018. Among them, SDG 4 (quality
education; 34.1%), SDG 8 (decent work and economic growth; 33.0%) and SDG 9 (industry, innovation
and infrastructure; 28.9%) were prioritized to be the most relevant. A relatively stable pattern of
the curriculum structure for SDGs-related courses can be observed throughout the three semesters.
The course inventory mapping provides a convenient university-wide overview of the profiles and
prioritizations of each HEI. Though the comparison of sustainability course inventory results with
different self-reporting HEIs is difficult, it is worth pointing out that SDG 3 (good health and well-being),
SDG 5 (gender equality), SDG 13 (climate action) and SDG 16 (peace, justice and strong institutions)
were found to be the major SDGs covered by the sustainability courses at the University of Toronto [24].
From a practical point of view, considering the behavioral change of individuals is a key to trigger
the sustainability in higher education, Sonetti et al. recommended four practicable SDGs, namely,
SDG 4 (quality education), SDG 17 (partnerships for the goals), SDG 12 (responsible consumption and
production) and SDG 13 (climate action) for implementation in HEIs [4].
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4.2. College Level

At the college level, as shown in Figure 4, both the College of Humanities and Social Sciences
and the General Education Center indicated that SDG 4 (quality education) was the one fitted to the
most of SDGs-related courses. The courses offered by the College of Engineering and the College of
Management were more related to SDG 9 (industry, innovation and infrastructure) and SDG 8 (decent
work and economic growth), respectively. The College of Law emphasized SDG 16 (peace, justice
and strong institutions). Even though a relatively lesser amount of data was received, the College of
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Science was similar to the College of Engineering, also focusing on SDG 9 (industry, innovation and
infrastructure). Table 2 summarizes the three most related-SDGs with respect to different colleges for
the three semesters at NUK, from which more detailed information can be observed. For example,
SDG 8 and SDG 9 were the major Goals for the College of Management, the College of Science and the
College of Engineering, while SDG 11 (sustainable cities and communities) was also a key attribute in
the College of Engineering. It can be seen that the colleges with expertise in particular subject areas
related to specific SDGs had a strong tendency to offer more courses with a primary or explicit focus on
specific SDGs. This is consistent with the study of Brugmann et al. where SDG 9 (industry, innovation
and infrastructure) was shown to be a major focus of sustainability courses for the Faculty of Applied
Science and Engineering at the University of Toronto [26]. However, the 3rd most relevant SDG was
different in the College of Humanities and Social Sciences and the College of Law depending on
semester, suggesting that either courses had changed from one semester to another or that teachers had
altered their selection of SDGs while filling out the inventory form. The benefit of the course inventory
is to provide a metric to track changes in the amount of focus on sustainability in the curriculum across
the university [26,38].
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Table 2. Three most relevant SDGs with respect to different colleges for the three semesters at the National University of Kaohsiung (NUK).

Academic Division

Fall 2018 Spring 2019 Fall 2019

The 1st
Relevant

SDG

The 2nd
Relevant

SDG

The 3rd
Relevant

SDG

The 1st
Relevant

SDG

The 2nd
Relevant

SDG

The 3rd
Relevant

SDG

The 1st
Relevant

SDG

The 2nd
Relevant

SDG

The 3rd
Relevant

SDG

General Education Center 4 5 3 4 3 5 4 3 5

College of Humanities and
Social Sciences 4 3 8 3 4 5 4 3 11

College of Law 16 10 8 16 4 5 16 10 1

College of Management 8 9 4 8 4 9 8 9 4

College of Science 9 8 4 9 4 8 9 8 4

College of Engineering 9 8 11 9 8 11 9 8 11
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4.3. Department Level

At a department level, certain SDGs by subject areas were clearly aligned with specific departments
in our university. As listed in Table 3, all 17 SDGs were used to map the course sustainability and
find the first and second most relevant departments in the fall semester of 2019. Again, similar to the
findings we observed at the college level, the relationships between the particular subject areas of the
department and the attribute of a specific SDG becomes more apparent. For example, SDG 6 (clean
water and sanitation) is highly related to the expertise of the Department of Civil and Environmental
Engineering. Among the total of 48 courses offered, it was reported that 16 courses had sustainability
content related to SDG 6 (Table 3). Analogously, SDG 14 (life below water) and SDG 15 (life on land)
were strongly tied to the Department of Life Science.

Table 3. Departments offering the most abundant SDGs-related courses with respect to each specific SDG.

SDGs The First Most Relevant
Department The Second Most Relevant Department

SDG 1 No Poverty Life Science (9/43) General Education (9/317)
SDG 2 Zero Hunger Life Science (11/43) General Education (4/317)

SDG 3 Good Health and Well-Being Kinesiology, Health and Leisure
Studies (32/51) General Education (32/317)

SDG 4 Quality Education General Education (40/317) East Asian Languages and Literature (27/52)
SDG 5 Gender Equality General Education (68/317) Western Languages and Literature (10/34)
SDG 6 Clean Water and Sanitation Civil & Environ. Eng. (16/48) Applied Chemistry (8/32)
SDG 7 Affordable and Clean Energy Electrical Eng. (13/76) Applied Chemistry (8/32)

SDG 8 Decent Work and Economic
Growth Electrical Eng. (32/76) Asia Pacific Industrial and Business

Management (20/36); Finance (20/32)

SDG 9 Industry, Innovation and
Infrastructure Electrical Eng. (47/76) Computer Science and Information

Engineering (21/34)
SDG

10 Reduced Inequalities General Education (28/317) Law (13/58)

SDG
11

Sustainable Cities and
Communities Civil & Environ. Eng. (27/48) General Education (17/317)

SDG
12 Responsible Consumption Asia Pacific Industrial and

Business Management (10/36) Law (8/58)

SDG
13 Climate Action Civil & Environ. Eng. (7/48) Applied Chemistry (5/36)

SDG
14 Life Below Water Life Science (18/35) Civil & Environ. Eng. (7/348)

SDG
15 Life On Land Life Science (19/35) Civil & Environ. Eng. (9/48)

SDG
16 Peace and Justice Law (40/58) Economic & Financial Law (28/48)

SDG
17 Partnerships for the Goals Law (10/58) General Education (10/317)

Note: Numbers in parentheses represents the total number of courses with the specific SDG vs the total number of
courses offered by the department. Data presented are from the fall semester of 2019.

Even though the most relevant department offered the highest SDGs-related courses with
respect to a specific SDG, the weighting of the specific SDGs-related courses was scattered widely
across the university. For the most relevant department shown in Table 3, the Department of Law
showed the highest percentage of SDGs-related courses linked with SDG 16 (peace, justice and strong
institutions; 69.0%), while the Department of Civil and Environmental Engineering exhibited the
highest percentage of SDGs-related courses linked with SDG 13 (climate action; 14.5%). However,
SDG 13 of all SDGs-related courses accounted for the lowest percentage among all the SDGs. It is
no surprise to observe these results; yet, we learn that, even if a department provides the largest
number of courses related to a specific SDG in the university, it does not ensure that the department is
well-prepared for that particular SDG, if the curriculum is still based on a traditional silo disciplinary
structure. As a quantitative study, it is capable of unveiling the emerging issue that has not yet been
noted. One typical example is the Department of Civil and Environmental Engineering, which offers
the largest number of courses (7 out of 48) related to SDG 13 (climate action). However, the courses
are far behind the need, regardless of quantities and quality; thus, enrichment of the course content,
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with more focus on SDGs to enhance the quality, is required. In fact, a further in-depth qualitative
study, such as an interview with stakeholders, is needed. As mentioned above, sustainable transitions
require the essential transformation of the curriculum framework towards sustainability [12,14]. Thus,
the transformation of Civil and Environmental Engineering towards Sustainable Engineering is strongly
recommended to fulfill the needs of future generations, when the significance and impact of global
climate change are taken into consideration.

4.4. The Diversity of SDGs in SDGs-related Courses

The radar chart shown in Figure 4 points out which SDGs are the major elements in different
colleges. Figure 5, on the other hand, depicts the “diversity” of various SDGs in our university, at the
college level, in the fall semester of 2018. The spectrum chart illustrated in Figure 5 consists of the 119
data points listed in Table S2, which were calculated by Equation (1) using the raw data in Table S1.
A five-level color scale bar for each specific SDG was constructed for Figure 5. For example, in the case
of SDG 1 (no poverty), the highest and lowest percentages were contributed by the College of Law
(6.61%) and College of Engineering (2.45%), respectively (Table S2). Thus, the five-level color scale bar
was equally divided by 5 from 6.61% to 2.45%, where a darker color indicates a higher percentage
of SDGs. As shown in Figure 5, each SDG has its own color, designated by the official SDG color
code, with a specific scale bar. Therefore, the focus of a specific SDG among the colleges can easily be
identified column-wise, while the diversity of SDGs for each college can be revealed row-wise.Sustainability 2020, 12, x FOR PEER REVIEW 15 of 20 
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Differing from Figure 5, we interpreted our SDG data in a different perspective, in order to gain
insight into the whole university, by using a single color bar. The same data applied in Figure 5 was
used for visualization, as shown in Figure 6, where we selected the highest and lowest percentage
of all SDGs from all 119 data points shown in Table S2 to create the 5-level scale bar. In other words,
there is only one scale bar utilized in Figure 6, where the range of the scale bar is from 31.5% to 0.60%
and is equally divided by 5. The darkest color is SDG 9 (industry, innovation and infrastructure) for
the College of Engineering, indicating the highest percentage of all SDGs (31.5%); while the lightest
color was SDG 6 (clean water and sanitation) for the College of Humanities and Social Sciences (0.60%).
As shown in Figure 6, it is clear that the curriculum of our university mainly emphasizes SDG 4 (quality
education), SDG 8 (decent work and economic growth), SDG 9 (industry, innovation and infrastructure)
and SDG 16 (peace, justice and strong institutions). More important, Figure 6 reveals where we are
insufficient, rather than just our existing strengths. The spectrum indicates the many SDGs are still
lacking in all colleges, including SDG 1 (no poverty), SDG 2 (zero hunger), SDG 6 (clean water and
sanitation), SDG 7 (affordable and clean energy), SDG 12 (responsible consumption and production),
SDG 13 (climate action), SDG 14 (life below water), SDG 15 (life on land) and SDG 17 (partnerships
for the goals); even though we have specific departments engaging those SDGs. This suggests that
SDGs-related courses are far from sufficient at NUK.
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5. Discussion

Similar to many other HEIs having challenges with integrating sustainability into their institutional
systems [17,18], we observed faculty members lacking awareness and concern for sustainability are an
obstacle to sustainability transitions at NUK. Thus, an attempt was made to promote their awareness
of SDGs by implementing a SDG course inventory system by the academic administration of NUK.
In this work, we present the results of the SDG course inventory system, which helps to understand
the baseline status of sustainability through the distribution of SDGs-related courses at different levels
in the overall university curriculum. From the baseline status, it was found that the average number of
SDGs linked to a course was about 2.65 throughout the whole university. The course offerings of the
College of Law showed the highest number of SDGs per course (3.25, on average); while those offered
by the College of Engineering showed the lowest number of SDGs per course (2.28). According to
the study conducted by Brugmann et al., the number of SDGs covered by a course was considered
to be indicative of the degree of sustainability focus in the course while they investigated the use of
their sustainability course inventories at the University of Toronto [26]. Our study suggests that the
number of SDGs covered by a course reflects the diversity of the sustainability topics covered in the
course. As shown in Figures 5 and 6, the method used here does give an indication of the areas covered
and, thus, also points to blind spots with insufficient coverage of SDGs. Moreover, it can also give
an indication of the diversity within colleges, which could suggest future paths for transdisciplinary
development and capacity-building at the university level.

As sustainability is highly inter- and trans-disciplinary [39,40], the collaboration of faculty
members from different disciplines is essential for sustainability transitions in the university where
we observed the difficulty of faculty members to find partners for collaborating with SDGs into
teaching and research at NUK. This obstacle has also been reported as we mentioned previously when
integrating sustainability into higher education [17,21]. The SDG course inventory can, therefore,
serve as a fast scanning system to identify the hot spots and blind spots, reflecting the strengths
and weaknesses with respect to specific SDGs for each unit. The hot spots shown in Figure 5
provide the academic administration with useful information to better understand the interdisciplinary
capacity of faculty members in pursuing SDGs and to identify internal collaboration opportunities
in the university. For example, both the College of Law and the College of Management showed a
strong emphasis on SDG 1 (no poverty; dark red in SDG 1 column in Figure 5). Thus, there is an
opportunity for both colleges to use SDG 1 (no poverty) as a platform to collaborate in developing new
interdisciplinary programs based on their advantages. Further, a synergy effect may be developed
through cross-disciplinary collaboration, which is no longer limited to a specific SDG, leading to the
overall transformation of the curriculum. Indeed, education for sustainable development requires
the participation of interdisciplinarity and collaboration with various non-academic sectors [41,42].
Previous studies have revealed that university students generally do not know the SDGs, as they
require a wide variety of both specific and transversal competences in courses [43]. Consequently,
better integration of topics related to the SDGs in teaching programs is essential to creating SDG
literacy [13].
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As shown in Figure 5, the university level is the overall status of the SDG distribution, which can
be referred to as the “average state”. In general, the college level shows that each college has its
own strengths and weakness associated with various SDGs, depending on its expertise. Figure 5 also
reveals that the course structure pattern of the General Education Center, in terms of sustainability
content, exhibits similarity to that of the whole university. Only SDG 2 (zero hunger), SDG 8 (decent
work and economic growth), SDG 9 (industry, innovation and infrastructure) and SDG 12 (responsible
consumption and production) were lesser than those of the university, in terms of percentage of
corresponding SDGs-related course ratio (Equation (1)). Surprisingly, the College of Science showed
a spectrum covering more SDGs than we expected. Only SDG 5 (gender equality), SDG 10 (reduce
inequality), SDG 11 (sustainable cities and communities), SDG 16 (peace, justice and strong institutions)
and SDG 17 (partnerships for the goals) were lesser than those of the university. According to the
results at college level, it may be further categorized by two patterns: The first pattern is the college
course offerings linked to a wide variety of SDGs; while the second pattern is the college course
offerings linked only to a specific SDG related to the subject areas of the college. The results suggest
that the General Education Center and the College of Science, which are more likely to fit into the
first pattern, offer more diversified courses which cover more SDGs at the college level. On the other
hand, the remaining four colleges belong to the second pattern. They show a relatively narrow SDGs
spectrum, indicating that their curriculum framework is mainly focused on specific SDGs.

The above-mentioned discussion leads us to raise the following question “Is there any so-called
“best” pattern of curriculum framework existing for the university when SDGs are taken into
consideration?” As mentioned before, the college course offerings related to SDGs may have two
patterns. Ideally, if universities have abundant resources, they may choose the first pattern to provide
sufficient and nearly equal amounts of courses with respect to all SDGs. On the other hand, there is
another strategy: for the university to use the second pattern based on colleges with solid academics.
However, with this strategy, it is inevitable to find lacking SDGs which need to be complemented.
Clearly, no single HEI can offer high-quality and in-depth education in all areas. At national and
regional levels, it is therefore important to ensure co-ordination between HEIs, such that their different
profiles complement each other.

Studies conducted by Zamora-Polo et al. pointed out that both specific and transversal competences
are required for educating students to understand SDGs [43]. They suggested that transversal
competences related to SDGs or sustainability should be permeated into all subjects, from basic courses
to more specific courses in universities [43]. The immersion of transversal competences into courses
may help to complement the needs of the second pattern (i.e., the course offerings emphasize specific
SDGs in particular subject areas), even though the transversal competences alone are not be able to
ensure that a country or region actually have access to research and professional competence covering
all of the SDGs. Furthermore, our opinion is that the general education may play a role to support the
needs of providing transversal competences into the courses, in order to compensate for the lack of
holistic understanding and systems thinking. In the case of NUK, however, the courses offered by the
General Education Center show a similar SDGs pattern to those offered by the university, which does
not complement the needs of university. We believe that the General Education Center of NUK should
reform its curriculum framework to fulfill the SDGs-Inside policy of NUK. Under limited resources, we
suggest that the university may choose the strategy where professionally oriented colleges complement
general education to achieve the maximum SDG coverage to which the courses are linked.

At the department level, this study offers evidence-based practice for departments to reform
their curriculum by integrating SDGs. From the SDG course inventory, departments may review
their curriculum structure regularly and allocate resources into their target SDGs. It is likely that the
current curriculum framework of a given department is based on the guidance of traditional discipline
structures, which are mainly professionally oriented in the syllabus design. To accelerate the reform
of the curriculum, support from a top-down university policy of sustainability, resource support for
teachers to redesign courses, and an enhancement of the awareness of teachers are needed.
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6. Limitations of the Study

The case study was based on the university-wide data of SDGs-related courses collected from the
SDGs course inventory system at NUK. A quantitative analysis was conducted to interpret the results.
However, certain limitations can be found in the study. Though many case studies have reported the use
of SDGs as indicators to evaluate curricula with respect to the degree of sustainability [24–27], there are
difficulties in comparing the sustainability course inventory results with different self-reporting HEIs.
More homogenization is needed among countries or regions. Furthermore, to initiate curriculum
reform at both university and department levels, quantitative analysis of the course inventory alone,
serving as a fast scanning system to identify the weaknesses and strengths of the units with respect to
the degree of sustainability in their curriculum, is not sufficient to complete the task. It must be coupled
with in-depth qualitative studies of the courses offered, such that the department may redesign the
curriculum to reflect how the reformed curriculum relates both to the department and to societal
needs. Nevertheless, our virtualization method, which maps course sustainability by the SDG diversity,
is applicable to all universities who wish to find their hot spots and blind spots for various SDGs,
as long as they can collect university-wide data using SDGs as indicators in their course inventory.

7. Conclusions

The online curriculum system embedded with the SDGs course inventory module provides
significant benefits to NUK. First, to facilitate the better understanding of faculty members in how
their teaching materials are associated with SDGs and to promote their awareness of SDGs. Second,
to instruct students with respect to the relationship between their learning content and the SDGs.
Finally, to help universities gain a baseline status of sustainability in their curriculum, such that they
may plan their strategy for sustainability and prioritize the allocation of resources accordingly. The
specific findings are concluded below:

• Our study suggests that the number of SDGs covered by a course reflects the diversity of the
sustainability topics covered in the course. This metric gives an indication of the areas covered
and, thus, also point to blind spots. Moreover, it can also give an indication of the diversity within
colleges, which could suggest future paths for transdisciplinary development;

• It is evident that the curriculum of our university mainly emphasizes SDG 3 (good health and
well-being), SDG 4 (quality education), SDG 8 (decent work and economic growth), SDG 9
(industry, innovation and infrastructure) and SDG 16 (peace, justice and strong institutions).
However, our study indicated that many SDGs are still not focused in all colleges;

• The SDGs course inventory offers the academic administration useful information, in order
to better understand the interdisciplinary capacity and internal collaboration opportunities in
the university;

• SDGs can serve as a platform to develop innovative and interdisciplinary programs through the
collaboration of various colleges, where their faculty members may engage with the same SDGs
through different approaches;

• Certain SDGs are clearly aligned with the expertise of specific departments in our university.
However, we found that, even if a department provides the largest number of courses related to a
specific SDG in the university, it does not necessarily ensure that the department is well-prepared
for that particular SDG. In-depth qualitative studies, such as an interview with stakeholders,
are needed. This study offers evidence-based practice for departments to reform their curricula by
integrating SDGs;

• General education may play an important role in supporting the needs of providing transversal
competences into courses, in order to compensate for the lack of holistic understanding and
systems thinking when sustainability is integrated into the overall university curriculum.
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