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Abstract: Competency for ESD (education for sustainable development) of university teachers is the
key to the sustainable development of higher education. Developing teachers” competency for ESD
poses a new challenge for Chinese universities. Ideally, a new faculty development system should be
established. However, this strategy is not feasible because of cost concerns, and improving competency
for ESD by using the existing teacher competency training system is preferred. Therefore, this paper
employed a specific data mining method to create a relationship model between the existing teacher
competency system and the ESD competency according to teacher evaluation data. The developed
model was used to analyze the teachers’ core competencies that are critical to ESD competency and
derive decision rules for formulating improvement strategies. The teacher competency model was
applied to the International Scholarly Exchange Curriculum (ISEC) program implemented at regional
universities in China to conduct an empirical case study. The results of this study are anticipated to
enable the formulation of an effective and appropriate strategy for improving teachers” competency
for ESD in the existing teacher development system.

Keywords: education for sustainable development (ESD); competency for ESD; teacher training;
higher education; strategies for improving teachers’ competency; dominance-based rough set approach
(DRSA); data mining

1. Introduction

To achieve the Sustainable Development Goals 2030, the United Nations Educational, Scientific,
and Cultural Organization established an organization named International Task Force on Teachers for
Education 2030 in September 2019. The organization consists of 130 members, 85 of whom work in
national governments. According to the aforementioned organization, teachers are one of the most
influential factors affecting education equity, opportunities, and quality, as well as the continuity
of global development [1]. To fulfil its commitment to the Sustainable Development Goals 2030,
the Chinese government [2] issued China’s Education Modernization 2035, which aims to introduce
Chinese wisdom, experience, and programs to global education development through practical actions.
The policy incorporates eight fundamentals of China’s education modernization plan, namely ethics
prioritization, well-balanced development, lifelong learning, personalized teaching, integration of
knowledge and practice, people orientation, integrated development, and coconstruction and sharing.
To realize these principles, the Chinese government implemented one of its ten major education
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modernization strategies: formulating a team of high-quality, professional, and innovative teachers
and continually building teacher teams as a part of basic missions [2]. Thus, university teachers with
high knowledge and competency levels are crucial to China’s continual education development [3,4].

Education for sustainable development (ESD), which has attracted increasing attention, has caused
new challenges in education development, especially to teachers’ competencies. Nevertheless, a limited
number of studies have been conducted on teachers” competency for ESD [4]. Moreover, observing
and evaluating these competencies are considerable challenges [5]. Few studies have explored models
on teacher competency for ESD. According to the 10-year sustainable development and ESD programs
of the United Nations, Rauch and Steiner [6] explored, in detail, the factors affecting Austrian teachers’
competency for ESD and established an ESD competency model. Bertschy, Kiinzli, and Lehmann [4]
examined and compared the advantages and disadvantages of two models on educators’ competencies,
namely the curriculum, sustainable development, competencies, teacher training (CSCT) competence
model and competences in education for sustainable development (ECE) model. The aforementioned
two models emphasize the ESD competency that teachers need in a particular area [7]. Parker [8]
investigated methods for developing teachers’ interdisciplinary competency in higher education,
which is one of the key elements for ESD competency. In summary, studies have focused on the key
elements of competency for ESD but not on the correlation between ESD competency and other types
of teacher competencies.

Dr Montoya [9], the director of the United Nations Educational, Scientific, and Cultural
Organization Institute for Statistics, indicated that ESD is based on teachers’ continual learning
and training and rooted within their continual improvement in the training. To attain the sustainable
development of China’s higher education, China’s universities must strengthen and adjust the directions
and policies of university teacher ESD competency training. However, most Chinese universities have
long adopted a pre-established teacher competency model and training system. Abolishing the system
and establishing a new ESD competency model and training system would cost a large amount of social
and economic resources. Therefore, using the existing teacher development mechanism to improve
teachers’ competency for ESD is a compromise and an appropriate strategy. This strategy is particularly
useful for regional universities, which have limited resources. In the present study, according to the
evaluation data on university teachers’ competencies, the rough-dominance set approach (DRSA),
a data mining method, was employed to establish a new ESD competency model for Chinese university
teachers. This novel model focuses on the relationship between teachers’ competency for ESD and
their other types of competencies. Thus, the model assists decision makers in systematically planning
teacher training and in improving and developing the competency for ESD through only a limited
amount of adjustment in the existing training and development activities. Several original crucial
competency indicators can be developed continuously, and competency for ESD can be reinforced
without incurring high costs or abandoning the existing teacher development system.

This paper employed the DRSA to establish a model on the behavior pattern between the existing
teacher competencies (i.e., condition attributes) and competency for ESD (i.e., decision attributes).
A set of rules, shown in the form of “if ... then”, is derived for construing the connection between
conditional attributes and decision attributes. DRSA has the following advantages: (1) the decision
rules of competency for ESD are described using natural languages, which enables decision makers
and managers to easily understand the actual behaviors involved in the competencies; (2) the core
competency attributes in the existing teacher competency model that are closely related to competency
for ESD are identified to enable decision makers and managers to reduce resource investment for
the attributes not highly related to competency for ESD without affecting the development of the
competencies; and (3) the decision rules facilitate the enhancing of competency for ESD through the
improvement of other types of competencies in the existing teacher competency model. The DRSA-based
model derives a rule according to teacher competency evaluation data to enable decision makers to
improve teachers’ competency for ESD. Accordingly, universities can formulate appropriate strategies
for adjusting the existing teacher development system in a limited capacity to improve teachers’
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competency for ESD. This study focused on the International Scholarly Exchange Curriculum (ISEC)
programme, the primary targets of which were regional universities in China. Most Chinese universities
are regional. They comprise the highest proportion of university teachers in China’s higher education
system. Thus, the data obtained from the ISEC program have high representativeness.

Section 2 introduces a review of ESD-related studies. The research procedure of the DRSA is
presented in Section 3. Subsequently, an empirical study on education pilot projects implemented
in Chinese universities is analyzed. Next, there are some discussions for an interpretation of the
research consequences. Finally, the conclusions of this study are provided, including the research ideas,
contributions, limitations, and future research directions.

2. ESD and Competency for ESD

The concept of ESD [10] first appeared in Agenda 21, which was released by the United Nations
Conference on Environment and Development in 1992. According to the agenda, education is crucial
for facilitating sustainable development and advancing people’s capability to solve problems pertinent
to the environment and development. ESD focuses on preparing young generations in becoming
responsible citizens. It aims to enable them to improve society through sustainable means and to become
responsible for themselves and their offspring through the concept of sustainable development [11,12].
Due to problems related to the environment and societies, ESD requires qualitative changes in education
ideas, methods, and goals [13]. In the background of higher education for sustainable development
(HESD), the conceptualization of teachers” competency for ESD and their expression in curricula
teaching are highly complex. Increasing attention has been given to the methods that universities from
around the world, and their stakeholders, can use to foster teachers” ESD competency [14].

Competencies are active combinations of knowledge, abilities, and intentions that enable people
to successfully and responsibly respond to changing conditions [15]. The concept of competency
was considered an important milestone in the direction of teaching for sustainable development.
Correspondingly, teachers” ESD competency was then proposed [15]. The successful implementation
of ESD requires participation by competent and dedicated teachers, who are crucial to the promotion of
reforms. Teacher education must involve the active consideration of the knowledge and competencies
required by teachers for the positive promotion of ESD-oriented reforms [16]. However, according to
Bertschy, Kiinzli, and Lehmann [4], the research on teachers’ competency for ESD is a relatively new
topic, and previous research is limited. Research on ESD, which emerged in 2009, is yet to mature.
Studies have explored ESD from two directions: (1) analyzing which elements should be considered as
part of teachers” competency for ESD and (2) developing an ESD competency model.

Studies have indicated that society-oriented teaching competencies or competencies based on social
science must be developed [17-19]. Burmeister, Rauch, and FEilks [12] stressed teaching competencies
that are problem-oriented and based on social critiques. Weinert [15] contended that ESD must involve
teachers in improving their sustainable competencies. Parker [8], as well as Biirgener and Barth [16],
contended that teachers’ interdisciplinary teaching competencies are critical in the training of students’
sustainable development competencies. According to Adomssent, Godemann, Michelsen, et al. [20],
in higher education, teachers” competencies in providing students with a combination of formal
and informal learning environments are crucial. In an experiment at James Cook University, Tomas,
Girgenti, and Jackson [21] reported that practice-oriented teaching competencies should be reinforced
to strengthen ESD. In a study on higher education institutions in Europe, Lozano, Barreiro-Gen, Lozano,
et al. [22] verified that teachers” understanding of new teaching methods and capability of suitably
using them could reinforce students’ sustainable development competencies effectively.

In addition to the elements of ESD competency for teachers, studies have examined the
frameworks and models of these competencies. Selvi [23] described teachers’ competencies by using a
framework with nine dimensions: domain competency, research competency, curriculum competency,
lifelong learning competency, social and cultural competency, emotional competency, communication
competency, information and communication technology competency, and environmental competency.
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Sleurs [24] established the CSCT model, which incorporates four elements of competency for ESD
(i.e., curriculum, sustainable development, competencies, and teacher training) and emphasizes
individual teachers. In addition to teachers’ professional competence, CSCT incorporates their overall
personalities as well as individual and social behaviors into the factors of sustainable development.
CSCT emphasizes comprehensive educational incentives and stresses the use of holistic approaches
to solving the complexity of ESD competency. Achieving ESD goals requires teachers to possess
specific competencies that can be applied for general educational product innovation [25]. The ECE
model presented by the United Nations Economic Commission for Europe [26] suggested defining the
educator in four competence fields and three target domains. Rauch and Steiner [6] developed the
competences for ESD in teacher education (KOM-BiNE) model for the in-depth analysis of teachers’
competencies related to interdisciplinary topics, such as sustainable development and ESD. The model
was a part of a major project of the European Union, which was based on competencies in fields
of action. In a three-year project funded by the European Union, Vare, Arro, de Hamer, et al. [27]
developed a practical ESD educator authentication model.

The aforementioned studies contributed critically to the conceptualization of competency for ESD.
The elements and descriptions of competency of ESD have become more and more transparent; the
ESD competency model is still being developed, providing a practical reference for strengthening
teachers’” ESD competency.

3. Methodology

Pawlak [28] developed a soft computing method named rough set theory (RSA), which involves
determining the behavior pattern between decision and condition attributes on the mathematical basis
of set theory. The RSA also enables the simultaneous processing of quantitative and qualitative data [29].
The theory enables the processing of inconsistent information without prior knowledge [30], such as
probability distribution. Moreover, it can express the behavior pattern behind data through the ‘if-then’
decision rule, which enables decision makers to comprehend the correlation between attributes [31,32]
and determine additional information relevant to decision-making, such as sets of core condition
attributes, sets of reduced condition attributes, levels of importance of condition attributes, and the
decision rules for classifications of decision attributes. Compared with other commonly employed
black-box algorithms, such as the artificial neural network (ANN) and the support vector machine
(SVM), rough set theory is more suitable for solving problems related to decision-making in the field
of management.

Due to the fact that the original rough set theory cannot process the preferential relationships
between attributes [33,34], Greco, Matarazzo, Slowinski, et al. [35] expanded upon the theory. The
expansion involves the replacement of indiscernibility relationships with dominant relationships in
the rough approximation of decision attributes [36,37]. This replacement prevents the paradoxes
that may be caused in the processing of sequential information by using the original RSA, which
is based on equivalence relationships [38,39]. The expanded RSA has been applied in numerous
fields of service, such as online open courses [37], pollution management strategy-making [40],
airline performance evaluation [41], spare part classification [42], agricultural fund allocation [43],
research and development project selection [44], financial performance evaluation [32], and pavement
maintenance [31]. The definition and calculation procedures of this theory are as follows:

Step 1: Information system

There are four elements in the information system. It is expressed as follows: IS = (U, Z,V,F),
where U represents a finite set of objects (global) and U = {x1,x2,...,x4}; Z = {z1,22, ..., 2} represents
a finite set of attributes or criteria; V, is the range of the attribute criterion z, and V = U,z V;
f:UxZ — V is an information function, in which z € Z and x € U. Moreover, Z can be usually
divided into C (a set of condition attributes) and D (a set of decision attributes).

Step 2: Rough approximation in the dominant relationship
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Let SZ be the dominant relationship pertinent to the attribute z € Z in the global U, that s, x, y € U.
Moreover, the term xSZy indicates that x is not inferior to y for the attribute z. Similarly, the term SZ
indicates that x is absolutely dominant over y for z, which is expressed as xSZy. A strictly dominant
relationship does not involve x being equivalent to y for z.

LetCl = {Cl;, te€ T}, T = {1,2,...,n} be the set of decision attributes U, and any x € U shall be
categorized to a single class Cl; € Cl. If r,s € T and all r > s, then any element in Cl, is dominant over
all elements in CI;. These unions are also referred to as upward or downward unions of classes, which
are defined as CltZ = Ug»¢Cls and le = Ug<tCl;, respectively. If x dominates y in the criterion of P and
the relationship is supported in all z € P, xSy, then X dominates Y in the attribute set P C C, which is
expressed as xDpy.

IfPCC, xel,then D;’ (x) = {y € U: yDpx} and D}, (x) = {y € U : xDpy} are referred to as the
P-dominating and P-dominated sets of x, respectively. The approximate upper or lower unions of
these sets are known as granules of knowledge. The DRSA involves the use of these granules for
approximate dominating or dominated sets.

The downward (P) and upward (P) approximates of P C C and CIZ, t € {2,3,...,1} are expressed

t
as follows:

P(CE) = {xeu: D} (x) c CIZ} (1)
P(CE) = X%ZD;(x) ={xe U:Dp(x) NCE # 2} @)

where the downward and upward approximates are denoted as B(le) and I_D(Cltz), respectively.

Similarly, the downward (P) and upward (P) approximates of P C C and Cl5tefl,2,...,n-1}
are defined as follows:

P(CIF) = {x e U: Dp(x) € CI| 3)
P(CE5) = X%ISD;(x) ={reu:Df(x)nCE # 2} 4)

where the downward and upward approximates are denoted as B(le) and ﬁ(le), respectively.

Forallt € {1,2,...,n} and P C C, the downward (P) and upward (1_3) approximates satisfy the
characteristics described in the following equations:

P(CI?) c CIz c P(CE), P(CIF) ¢ CIF ¢ P(CIF) ®)
P(CEF)=U-P(CI5,), t=2,...,n, P(CIf) = U-P(CE,,), t =1,2,...,n - 1 6)
P(CEF)=U-P(CIE,), t=2,...,n, P(CIf) = U-P(CZ ), t =1,2,...,n = 1. @)

The P-boundaries of CI> and CI? are defined as follows:
Bnp(CIZ) = P(CI?) - P(CI?) ®)
Bnp(CIF) = P(CI) - P(CI). ©)

Forallt €{1,2,...,n}and P C C, the approximate accuracies of CltZ and le are defined as follows:

. |pc)
= B

P(CE))|

[P(cs)|

, ap(CIE) = (10)
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The approximate quality of the set of decision class CI with regard to the attribute set P is described
as follows:
_ = _ <
‘U ( U Bnp(CL; ))‘ ‘U (te{l U }Bnp(Clt ))‘

te{2,....n} =1

yp(Cl) = I = I : (11)

The || is the cardinal number of the set. The rule definition class CI calculated using the set
P C C has weak classification accuracy. All the goals in the data table are clearly defined. When
yp(Cl) = y.(Cl), any minimum subset P C C is referred to as the reduct of C in CI, which is expressed
as RED¢;(P). More than one cut may be present in a data table, and all cut sets are known as cores,
which are expressed as CORE;.

Step 3: Cores and reducts of attributes

Cores and reducts of attributes are the two basic concepts of sets of approximation. When
excessive condition attributes exist in an information system, eliminating these attributes does not
affect the overall quality of decision-making. In other words, excessive attributes can be eliminated to
create simplified sets of attributes. The reduced sets of attributes are then intersected to obtain the core
attributes. Thus, the complexity of the system can be reduced, and the vectors that truly influence
decision-making can be quickly presented.

Step 4: Decision rules

The information is expressed as several simple decision rules in the ‘if-then’ format. Dominant
relationships are applied to identify decision rules with information on dominance [45]. The formats
of the rules are as follows:

(1) Ds decision rule: if f(x,z1) > r;, and f(x,z2) > 1, and ... f(x,zp) > 1, thenx € Cltz. This
decision rule is only supported by the targets of the approximate of the lower boundary P in the
classification set CI7.

(2) D< decision rule: if f(x,z1) <1y, and f(x,z2) <7, and ... f(x,zp) <715, thenx € le. This
decision rule is only supported by the targets of the approximate of the lower boundary P in the
classification set CI3.

(8) D> decision rule: if f(x,z1) > 7z, and f(x,22) 2 15, and ... f(x,z¢) 2 15 and f(x,zp1) <72,
and ... f(x,zp) < s, then x € Cly U Clyyq U...UCl. This decision rule is supported by the targets
of the boundary P in the classification sets le and le, where P = {z1,20,...,2p} C{rs1,720,...,1:p} €
Vo X Vy X XV, and te{l, ..., n}.

4. Empirical Study

The results of an empirical analyzed on the competency assessment indicators, and performance
data of Chinese ISEC teachers are presented in this section. The background and problems of the
empirical case are first introduced, followed by the core attributes and decision rules derived using
the DRSA. An in-depth discussion of the research results is then presented. Teacher « is used as an
example for analyzing how the research results enabled decision makers to formulate an effective ESD
competency improvement strategy for the existing faculty development system.

4.1. Case Background and Problems

According to the International Task Force on Teachers for Education 2030 [46], teacher training
should be regarded as the frontier and hotspot of current efforts of ESD. Particular attention should
be paid to the specific skills and abilities required by teachers in teaching during induction and
in-service training. According to the aforementioned task force, developing countries and regions
should increase resource investment in teacher training, create innovative training methods, and
improve training efficiency. According to the direction and target of sustainable development proposed
by the United Nations, the Chinese government implemented the ISEC program, which involves
systematically training and developing university teachers [47]. This study focused on the items of the
ISEC program for case analysis because of the following reasons: (1) the ISEC program is primarily
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implemented at Chinses regional universities, which comprise the highest number of teachers in
China’s higher education, thus, high research representativeness can be achieved; (2) the teachers who
were investigated in the ISEC program are from many universities in different provinces, which further
strengthens the data representativeness of this study with regard to the competency for ESD in
regional university teachers in China; (3) ISEC is an early systematic program in China to explore
the ESD competency of university teachers. Therefore, this study has not only guiding value for the
improvement of teachers” ESD competency in the ISEC program, but also general reference significance
for regional universities in China.

The ISEC program has built its own teachers’” competency model. Based on this model, over the
past eight years, the ISEC program [47] has provided systematic training to approximately 1,500 teachers
in more than 30 regional universities in China. In particular, the training of teaching competencies
is emphasized, and the central government proposed China’s Education Modernization 2035 in
February 2019. It emphasized the development of teachers’ competency for ESD. Subsequently, the
competency for ESD was incorporated in the existing ISEC teachers’ competency model as a new
indicator, and the training and development of ESD competencies for ISEC teachers were planned.
After the competencies for ESD were incorporated into the ISEC model, the number of criteria evaluated
in the model expanded from 9 to 10. As presented in Table 1, the ten criteria were as follows: critical
thinking (C;), instructional design (C,), learning assessment (C3), teaching in classrooms (Cy), English
as a medium of instruction (Cs), textbook compilation (Cg), curriculum development (Cy), pedagogical
innovation (Cg), international cooperation (Cy), and competency for ESD (Cyp).
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Table 1. ISEC teachers’ competency model and the description of attributes.

Attributes

Definitions and Explanations

Domain Values

Value Set

Preference

Condition attributes

Critical Thinking (C;)

The ability to analyze, verify, and judge the true value of things by using objective evaluation criteria
based on rational judgment. This ability not only requires critical thinking of the problems but also
reflects the “thinking itself” of critical thinking and shall be applied throughout all aspects of
teaching practice and life.

Poor; Medium; Good

{1,2,3}

Ordered

Instructional Design (Cy)

The ability of ISEC teachers to make the overall design of the teaching objectives, learning effect,
teaching methods, teaching plan, teaching resources, learning assessment, teaching disciplines, and
other teaching processes and organizational forms in terms of differentiated demands of students by

aiming at developing a syllabus based on the learning outcomes.

Poor; Medium; Good

{1,2,3}

Ordered

Learning assessment (C3)

The ability of ISEC teachers to collect information from a variety of sources by using rubrics as one of
the evaluation tools and according to the teaching requirements of cultivating ISEC students’ nine
abilities and consciousness, with formative evaluation as the main method, and the ability of teachers
to evaluate and analyze students’ learning and cultivation by using the evaluation data.

Poor; Medium; Good

{1,2,3}

Ordered

Teaching in classroom (Cy4)

The ability of ISEC teachers to create an understanding and inclusive teaching atmosphere by using
the information and communication technology, and instruct students to learn and complete
professional teaching tasks by using the teaching methods that meet the needs of students through
the combination of the learning outcomes of ISEC courses delivery and by focusing on the objectives
of nine abilities and awareness cultivation of students.

Poor; Medium; Good

{1,2,3}

Ordered

English as Medium
of Instruction (Cs)

The ability of ISEC teachers to organize classroom teaching with English as the medium.

Poor; Medium; Good

{1,2,3}

Ordered

Textbook compilation (Cg)

The ability of ISEC teachers to design and compile international curriculum materials with Chinese
characteristics based on the compilation of teaching materials, as well as the level of understanding
and cognition of textbook uniqueness, theory, preciseness, inspiration, and practicality.

Poor; Medium; Good

{1,2,3}

Ordered

Curriculum development (C7)

The ability of ISEC teachers to determine the ISEC curriculum objectives through student cultivation
needs analysis, choose teaching contents, and teaching activities of the subject based on this objective
and creatively plan, organize, implement, evaluate and revise, and finally achieve
the curriculum objectives.

Poor; Medium; Good

{1,2,3}

Ordered

Pedagogical innovation (Cg)

The ability of ISEC teachers to study ISEC teaching-related issues in a well-directed, planned, and
organized manner by using scientific theory combining and innovating practical guidance for
improving the quality of ISEC teaching.

Poor; Medium; Good

{1,2,3}

Ordered

International cooperation (Cg)

The ability of ISEC teachers to conduct cross-border, cross-cultural, and cross-disciplinary
cooperation through communication and negotiation with the participants of all cooperating parties
when getting involved in international education cooperation activities such as instructional design,

teaching research, curriculum development, etc.

Poor; Medium; Good

{1,2,3}

Ordered

Decision variable

Competency for ESD (Cy)

The ability of ISEC teachers to fulfil the responsibility of education for sustainable development. ISEC
teachers should guide students to establish the idea of sustainable development, acquire relevant
knowledge and abilities, improve the lifestyle, prepare to be responsible citizens in the future, and
contribute to the sustainable development of society, economics, environment, and culture.

Poor; Medium; Good

{1,2,3}

Ordered

8 of 18
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4.2. Preparation of the Information Table and Primary Survey

In July 2019, the ISEC management institution evaluated 225 ISEC university teachers by using
the new ISEC teachers’ competency model for the first time. These teachers were from 12 regional
universities across five northern Chinese provinces (Figure 1). All ten criteria were listed on the
information sheet for evaluation. In particular, competency for ESD (Cj() was defined as a decision
attribute, whereas the remaining nine criteria were designated as condition attributes.

@ Neimenggu

Beijing
“/Jb . Jilin

@ Liaoning

@ Shandong

Figure 1. Those 12 universities are located in five provinces in northern China.

In addition, the 3-Likert scale in past studies is a common discrete method in general [48-51]. The
benefit of it is that it can greatly reduce the number of rules to highlight the main rules and patterns
between conditional attributes and decision attributes [52]. As a result, decision makers can more easily
understand the management implications behind decision rules and develop various appropriate
improvement strategies. For these reasons, the measurement scales of all attributes in this study were
designed into 3-Likert scales. Preferences of attributes were defined as levels of competencies. The
attributes/criteria for ISEC teachers’ competencies are shown in Table 1. To assure the effectiveness of
the assessment results and a balance in the number of data points, data cleansing and expert screening
were conducted. A total of 156 high-quality data points were selected for further analysis (52 were
selected for each level of the decision attributes).

4.3. The Approximate Quality between the Accuracy and Boundary of the Decision Model

JAMEF software was developed by Poznan university of technology. The calculation of DRSA in this
paper was implemented by JAMF software. To ensure the quality of the DRSA model, cross-validation
was performed five times. A total of 80% of all the data were used as training data, and the remaining
20% data were used as test data. Three commonly employed data mining methods were used
for accuracy comparison, namely the rough set approach (RSA), support vector machine (SVM),
and artificial neural network (ANN). Although the DRSA was not the most accurate among the four
methods, its standard deviation was the lowest (0.048), but the classification accuracy of the model also
reached an average of 79.50% in the 5-folds. Unlike SVM and ANN, the DRSA allows the relationship
between the condition attributes and decision attribute to be described using the ‘if-then” decision rule,
which enables decision makers to understand actual behavior patterns of the model. SVM and ANN
are referred to as black-box models because they do not allow such representation. In summary, the
DRSA provides stable and comprehensible decision results with adequate accuracy and is suitable for
application in management decision-making. The results of cross-validation confirmed correctness
and validity of classification by DRSA in this study (Table 2).
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Table 2. Classification accuracy of various classifiers by 5-folds.

No. DRSA RSA SVM ANN

1 78.13% 74.19% 81.25%  87.50%

2 77.42% 80.65% 84.38%  87.50%

3 87.10% 64.52% 87.50%  90.63%

4 7419% 74.19% 75.00%  78.13%

5 80.65% 64.52% 71.88% 81.25%

Average 79.50% 71.61% 80.00%  85.00%
SD 0.048 0.070 0.065 0.051

Table 3 lists the quality of approximation for the decision classes. The results showed that the
decision classes have high approximation quality of the approximation. In other words, the condition
attributes selected in this study were the approximations of the decision classes. The ‘at most 1" class
represented ‘poor ESD competency’. Its lower approximation was 52 objects, and upper approximation
was 53 objects, respectively, and the precision of approximation for this class was 0.981. The “at most 2’
class represented ‘medium ESD competency’, and it had a lower approximation of 99 objects, and an
upper approximation of 106 objects, the precision of approximation for this class was 0.934. The “at
least 2’ class also represented ‘medium ESD competency’, the precision of approximation for this class
was 0.990. The “at least 3’ class represented ‘good ESD competency’, the precision of approximation for
this class was 0.877. The overall quality of the approximation was 0.949.

Table 3. Quality of approximation for decision classes.

No. AtMost1l AtMost2 AtLeast2 AtLeast3
Lower approx. 52 99 103 50
Upper approx. 53 106 104 57

Boundary 1 7 1 7
Precision 0.981 0.934 0.990 0.877

4.4. Reduced and Core Condition Attributes

The DRSA, which is based on set theory, enables the reduction of condition attributes without
affecting model accuracy. Three sets of reduced conditional attributes were derived. The intersections
of the conditional attributes within these sets form indispensable conditional attributes for the decision
model, which are also known as core attributes. In this study, the core attributes were critical thinking
(C1), learning assessment (C3), English as medium of instruction (Cs), curriculum development
(Cy), pedagogical innovation (Cg), and international cooperation (Cy) (Table 4). Thus, these six core
competencies are crucial indicators of the competency for ESD in the ISEC teachers’ competency
model. The teachers’ performance on these six competencies influences their overall ESD competency
levels considerably.
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Table 4. Reduct and core attributes.

Reduct/Core Attribute Set

Critical thinking (C;), Learning assessment (C3), Teaching in
classroom (Cy4), English as medium of instruction (Cs), Textbook
compilation (Cg), Curriculum development (Cy), Pedagogical
innovation (Cg), and International cooperation (Cg)

Reduct 1

Critical thinking (Cy), Instructional design (Cp), Learning
assessment (C3), English as medium of instruction (Cs), Textbook
compilation (Cg), Curriculum development (C7), Pedagogical
innovation (Cg), and International cooperation (Cy)

Reduct 2

Critical thinking (C), Instructional design (Cy), Learning
assessment (C3), Teaching in classroom (Cy4), English as medium of
instruction (Cs), Curriculum development (C7), Pedagogical
innovation (Cg), and International cooperation (Cg)

Reduct 3

Critical thinking (C;), Learning assessment (C3), English as
Core attributes medium of instruction (Cs), Curriculum development (Cy),
Pedagogical innovation (Cg), and International cooperation (Cy)

4.5. Decision Rules-Based Appropriate Strategies to Improve Competency for ESD

The analysis results for the core attributes and minimal coverage decision rules (Table A1l in
Appendix A) provide a crucial reference to decision makers and managers for adjusting and improving
the existing university faculty development system. In the present study, teacher o was selected as a
target of analysis to examine the strategies to improve competency for ESD according to the results
of DRSA.

In Table 5, the performance of the competencies of teacher « is listed. The decision rules listed
in Table A1 enable decision makers to formulate feasible solutions to improve competency for ESD.
The “at least 3’ class, which indicated satisfactory competency for ESD, featured five rules, which
represent five possible solutions. Teachers classified into the other classes can reference these rules to
enhance their competency for ESD to the level of the ‘at least 3’ class in accordance with the relevant
competency indicators. To simplify the solutions, reduce their cost, and guarantee their effectiveness,
the core attributes were combined with the decision rules to create simplified core decision rules
(Table 6). Only three of the five rules in the ‘at least 3’ class were relevant to the core attributes. These
three rules provide decision makers with a reference for formulating solutions. The simplified rules
that were suggested enhanced the precision of resource input in the improvement of competencies,
and they reduced the complexity of decision-making. The effectiveness of the improvement was also
guaranteed. For example, if teacher o must be included in an ESD faculty development program by
the university because of an objective reason, a solution must be created to improve «’s competency
for ESD. According to the core decision rules in Table 6, decision makers can adopt three possible
solutions: (1) use the existing teacher training system with an adjustment to a limited extent to improve
teacher «’s competency in English as a medium of instruction (Cs) to no lower than the ‘medium’ level
and that in curriculum development (Cy) to the ‘good’ level; (2) improve teacher «’s competency in
English as a medium of instruction (C5) and pedagogical innovation (Cg) to the ‘good” level and that
in international cooperation (Cy) to no lower than the ‘medium’ level; and (3) improve teacher «’s
competency in learning assessment (C3) and English as a medium of instruction (Cs) to the ‘good” level
and that in international cooperation (Cg) to no lower than the ‘medium’ level.

Table 5. Performance of the nine criteria of teacher c.

Attributes Cl Cz C3 C4 C5 C6 C7 Cg C9
Value 2 2 2 3 1 3 1 1 1
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Table 6. Rules considering the core attributes for “at least 3”.

No. Conditions Decision Support Strength

(English as medium of instruction
1 (Cs) =2 2) & (Curriculum D>3 25 (16.0%)
development (Cy) > 3)

(English as medium of instruction
(Cs) = 3) & (Pedagogical innovation

2 (Cg) > 3) & (International D=z3 23 (14.7%)
cooperation (Cg) > 2)
(Learning assessment (C3) > 3) &
3 (English as medium of instruction D>3 28 (17.9%)

(Cs) = 3) & (International
cooperation (Cg) > 2)

5. Discussion

This study aimed to assist decision makers with appropriately adjusting the existing teacher
training system to enhance teachers” ESD competency without having to increase costs or abolish the
existing system.

In practice, many universities have developed separate training plans targeting ESD competency
on top of the existing programs in order to address sustainability challenges. Such a process, however,
entails predicaments. Over years of operation, the original teacher training programs have occupied
a large portion of resources for teacher development. The establishment of the new training system
targeting ESD competency requires the investment of massive resources and a long-term construction
process. For regional universities that are already struggling with limited resources, constructing a
new teacher training system means that the original teacher training programs will have to face the
consequences, like reduced resource input, disruption, or even abolishment, so that the limited resources
can be diverted into the construction of the new training system. Nonetheless, the original teacher
training program has been proven valuable for enhancing teachers’ instructional competency. Against
a backdrop where ESD competency is increasingly valued, regional universities with limited resources
may be forced to renounce years worth of practices to cultivate traditional teaching competencies (for
example, competencies represented by C; through Cy in the ISEC teacher competency model). As a
result, the training of teachers’ competencies has attended to one thing and lost sight of another.

From the aspect of management connotations, the results of this research will facilitate regional
universities to put the issue of teachers” ESD competency improvement in a more interconnected and
integrative perspective. By organically integrating the original teacher competency training program
with the new ESD competency training, universities can achieve codevelopment and growth of both
traditional and ESD competency. Specifically, this research will provide implications for addressing
the practical predicaments faced by universities from two aspects:

First, the identification of core attributes will provide guidance for universities, allowing them to
realize that some traditional competency indicators can have significant influences on ESD competency,
and well-targeted training of these traditional competencies facilitates the enhancement of ESD
competency. For instance, the empirical case analysis described in Section 4 derived six core competency
indicators, which were critical thinking (C;), learning assessment (C3), English as medium of instruction
(Cs), curriculum development (Cy), pedagogical innovation (Cg), and international cooperation (Cy),
respectively. Practically, ISEC is a program of the reformation in Chinese higher education. For the ISEC
program, two innovative characteristics are distinct from the conventional higher education model in
China. First, critical thinking is applied to all aspects of teaching activities; second, formative assessment
is replacing the traditional educational practice based on test scores. Thus, critical thinking (C;) and
learning assessment (C3) are crucial in the ISEC-based ESD environment. Moreover, ISEC is a means
of educational reform through internationalization, in which teachers are required to teach in both
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Mandarin and English. Therefore, English as a medium of instruction (Cs) and international cooperation
(Cy) have long been emphasized. Curriculum development (C7) and pedagogical innovation (Cg) are
indispensable for the dynamic improvement of teaching competency levels. Breakthrough curricula
and teaching method innovations are problems that cannot be avoided in ESD. According to the
analysis results, a high level of consistency was observed in the identification and practice of the core
condition attributes. By implementing well-targeted training of these six traditional competencies
through their existing teacher training programs, ISEC universities will also improve ESD competency.

Additionally, the decision-making rules will guide universities to adjust their original teacher
training programs with of view of enhancing ESD competency. As shown by the empirical case
analysis, on the one hand, decision-making rules assist universities with formulating ESD competency
improvement strategies based on the competency performance of individual teachers (for example,
the improvement strategies for teacher « proposed in Section 4.5). On the other hand, more importantly,
the decision rules can guide the university to make an adjustment to the original teacher training
plan for most teachers. In Appendix A, Table A1, there are four decision-making rules, which are
rules 7, 8, 9, and 11, that have relatively high support strengths, reaching 86 objects (55.1%), 83 objects
(53.2%), 84 objects (53.8%), and 88 objects (56.4%), respectively. These values of support strengths
indicate that for ISEC teachers, the four rules are of universal significances. Rule 7 shows that 55.1% of
teachers who exhibit a ‘medium’ or higher level of performances in English as medium of instruction
(Cs) and pedagogical innovation (Cg) also have a ‘medium’ or higher level of performances in ESD
competency. According to Rule 8, 53.2% of teachers who exhibit a ‘medium’ or higher level of
performances in curriculum development (Cy) and pedagogical innovation (Cg) also have a ‘medium
or higher level of performances in ESD competency. Rule 9 indicates that 53.8% of teachers who
exhibit a ‘medium’ or higher level of performances in curriculum development (C;) and international
cooperation (Cy) also have a ‘medium’ or higher level of performances in ESD competency. Rule
11 demonstrates that 56.4% of teachers who exhibit a medium or higher level of performances in
instructional design (C,), textbook compilation (Cg), and curriculum development (Cy) also have a
‘medium’ or higher level of performances in ESD competency. The competency indicators as conditional
attributes in rules 7, 8, and 9 are all core attributes. Based on the previous analysis of the impact
of the four core attributes on ESD competency, the management implications for decision makers
of these three rules are easy to understand. In particular, among the three conditional attributes of
Rule 11, instructional design (C;) and textbook compilation (Cg) are not core attributes. A teacher
is required to have instructional design (C) and textbook compilation (Cg) competencies that are
sufficient enough to address the new teaching content and objectives in the ESD teaching model. It is
not difficult to find from the analysis of core attributes in Table 4 that these two competencies, when
examined separately, each has considerably small influences on ESD competency. However, when
the two competencies are organically combined and then integrated with curriculum development
(Cy), they impose significant impacts on ESD competency. Rule 11’s support strength of 56.4% is
good proof of this. Rule 11 also further validates that it is necessary to discuss teachers’ traditional
competencies and ESD competency from an interconnected and integrative point of view in this
research. ISEC universities should strengthen the training for some of the teachers” competences
in their original teacher training programs in accordance with this set of rules, striving to facilitate
teachers to reach the “good” level in terms of their critical thinking (C;) competency, and in the
meantime, the “medium” level in other competencies like instructional design (C,), English as medium
of instruction (Cs), textbook compilation (Cg), curriculum development (Cy), pedagogical innovation
(Cg), and international cooperation (Cyg). Such a strategy will allow the majority of ISEC teachers to
enhance their ESD competency while improving their traditional competencies.

The previous research [4,6,8,12,24,26,27] has attached much of its focus on the elements of
ESD competency and the competency for ESD itself without connecting with teachers’ traditional
competencies. A small number of studies [16,22] have explored the impact of certain individual
competencies of teachers on ESD competency. This research provides a new perspective for analyzing

7
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the influencing relationship between traditional competencies and ESD competency, and on this basis,
assists decision makers with developing strategies for ESD competency improvement. The results show
that some traditional competency indicators that actually have significant influential and promotive
effects on competency for ESD, such as critical thinking, pedagogical innovation, and international
cooperation, were not considered as elements of ESD competency in previous studies, nor have they
been studied in connection with ESD competency.

6. Conclusions

This study aimed to assist decision makers in adjusting the existing teacher training system to
a limited, but appropriate, extent for improving teachers’ competency for ESD without incurring
excessive costs and abolishing the existing system. In addition to increasing and reinforcing the
training of core competencies, improvement suggestions should be provided for each teacher’s specific
competencies. Therefore, this study incorporated the DRSA to analyze the evaluation data on the
competency for ESD in 156 ISEC university teachers in China. The six most critical competencies relative
to the competency for ESD were identified from the nine existing competency indicators. The conditions
and requirements for improving the competency for ESD to the ‘good’ level were also determined
in the decision rules. This study was designed to assist decision makers in formulating appropriate
and feasible improvement strategies that focus resources on the key competencies of teachers in
accordance with the core attributes and decision rules within the existing faculty development system.
Improvements in these key competencies will lead to the enhancement of competency for ESD. These
improvement strategies eliminate the need to develop a new training system aimed specifically at
competency for ESD. Only adjustments in the training resource investment of the existing nine teacher
competencies are required. These strategies allow the competency for ESD to be significantly reinforced
in a cost-effective manner. In this study, data mining was used to establish a model for university
teachers’ competency for ESD. The main contributions of this study lie in that, on the one hand, the data
mining method has been introduced to the research field of ESD competency of university teachers,
which is innovative in research methods for this topic; on the other hand, different from previous
studies, the influence and improvement effect of traditional mature competency indicators on the
emerging ESD competency have been studied, which gives a new perspective and a low-cost approach
to the evaluation and improvement of the competency for ESD. Nevertheless, this study had certain
limitations. (1) The number of data points employed in the data mining process was insufficient. Only
156 samples were selected, which may have affected the accuracy and representativeness of the research
results. (2) Due to the data limitations, the background information of the research participants, such
as sex, age, job title, education level, and the number of years of ESD participation, was not included in
the analysis. This information may further optimize the research results and enhance the specificity
of improvement suggestions for decision makers. In addition to improving the aforementioned two
limitations, future studies should also investigate the relationship between the six core competency
indicators, thereby further increasing the accuracy of suggestions for decision makers in improving
competency for ESD.
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Appendix A
Table A1l. Minimum cover rules.
No. Conditions Decision Support Strength
(English as medium of instruction (Cs) > 2) & (Curriculum o
1 development (C7) > 3) D=z3 25 (16.0%)
(English as medium of instruction (Cs) > 3) & (Pedagogical o
2 innovation (Cg) > 3) & (International cooperation (Cg) > 2) D=3 23 (14.7%)
(Instructional design (C;) > 3) & (Pedagogical innovation (Cg) o
3 > 3) & (International cooperation (Cy) > 2) D=s 28 (17.9%)
(Learning assessment (C3) > 3) & (English as medium of o
4 instruction (Cs) > 3) & (International cooperation (Cg) > 2) D=z3 28 (17.9%)
(Critical thinking (C;) > 3) & (Learning assessment (C3) > 3) &
5 (Teaching in classroom (Cy) > 3) & (International cooperation D>3 31 (19.8%)
(Co) 22)
(Learning assessment (C3) > 3) & (Pedagogical o
6 innovation (Cg) > 2) Dz2 59 (37.8%)
7 (English as medlum of mstljuctlon (Cs) = 2) & (Pedagogical D2 86 (55.1%)
innovation (Cg) > 2)
8 (Curriculum deyelopm?nt (C7) = 2) & (Pedagogical D2 83 (53.2%)
innovation (Cg) > 2)
9 (Curriculum developmem (Cy) =2 2) & (International D>2 84 (53.8%)
cooperation (Cy) > 2)
(Critical thinking (C;) > 3) & (English as medium of o
10 instruction (Cs) > 2) & (Curriculum development (Cy) > 2) D22 56 (35.8%)
(Instructional design (Cy) > 2) & (Textbook compilation (Cg) > o
n 2) & (Curriculum development (C7) > 2) D22 88 (56.4%)
1 (Curriculum deyelopm'ent (C7) £1) & (Pedagogical D<1 38 (24.3%)
innovation (Cg) < 1)
(Learning assessment (C3) < 2) & (English as medium of o
13 instruction (Cs) < 1) & (Curriculum development (Cy) < 1) D=l 30 (19.2%)
(Teaching in classroom (Cy) < 2) & (English as medium of o
14 instruction (Cs) < 1) & (Textbook compilation (Cg) < 1) D=l 24 (15.3%)
(Critical thinking (C1) < 2) & (Curriculum development (C;) <
15 2) & (Pedagogical innovation (Cg) < 1) & (International D<1 42 (29.6%)
cooperation (Cg) < 1)
16 (International cooperation (Cg) < 1) D<2 69 (44.2%)
(Instructional design (Cy) < 2) & (Teaching in classroom (C4) < o
17 2) & (Pedagogical innovation (Cg) < 2) D=2 72 (46.1%)
(Instructional design (Cy) < 2) & (Learning assessment (C3) < o
18 2) & (Curriculum development (Cy7) < 2) D=2 77 (49.3%)
(Critical thinking (C7) < 2) & (Learning assessment (C3) < 2) & o
19 (Pedagogical innovation (Cg) < 2) D=2 67 (42.9%)
20 (Learning assessment (C3) < 2) & (Curriculum development D<2 77 (49.3%)

(C7) £2) & (Pedagogical innovation (Cg) < 2)

(Critical thinking (C;) < 2) & (English as medium of
21 instruction (Cs) < 2) & (Curriculum development (Cy) <2) & D<2 71 (45.5%)
(Pedagogical innovation (Cg) < 2)

Note: the value in parentheses is strength of the percentages.
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