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Abstract

:

As an essential element of higher education, course planning at the program level is a complicated multi-criteria decision making (MCDM) problem. In addition, a course planning process tailored to sustainable development is exceptionally important to sustaining the quality of academic programs. However, there is a scarcity of research on the program course planning problem at the operational level due to a diverse set of stakeholder requirements in practice. Motivated by the challenge, this study proposes an innovative MCDM model for sustainable course planning based on He-Xie management theory. In the introduced framework, the best worst method (BWM) can obtain the optimal weights of sustainability competencies, which are then embedded into the fuzzy filter ranking (FFR) method to generate the ranking of candidate courses by each course module, considering the connectivity between courses and the development of sustainability competencies. Finally, multi-choice goal programming (MCGP) is adopted to allocate each selected course to a semester, aiming to balance total credits and average difficulty level among semesters as much as possible. The practicability and reliability of the proposed course planning model is validated through a case study of an undergraduate accounting program. Results show that the proposed framework is a feasible tool for course planning. This research extends the existing literature on course planning by explicitly capturing the fuzzy nature of human decision making and avoids underestimation of the decision. The implications of the paper are not restricted to developing a sustainable course plan for an accounting program.
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1. Introduction


As the universal commercial language, accounting is a science of management and an art of interpreting, measuring, and describing economic activities [1]. It serves as the backbone of a business by providing information for making decisions, helping in the evaluation of business performance, and ensuring statutory compliance. Accounting is also a promising field with various career tracks, such as accountant, auditor, tax consultant, business analyst, and financial controller. Despite many accounting tasks being automated, demand for accounting professionals is not expected to wane. The [2] projects a growth of employment by 7% for accountants and auditors from 2020 to 2030 in the United States. The bright job market and the versatility of career opportunities make earning an accounting degree a good option. Accounting education provides a broad range of business courses and prepares students, as future decision makers (DMs), for success in dynamic organizational contexts. Today, accounting is still a popular major among undergraduate students, and accounting degree programs are commonly available at colleges and universities [3].



In order to be sustainable in a competitive environment and meet public expectation, universities continuously try to improve the quality of academic programs [4]. Among the various academic and administrative activities, course planning plays a critical role in operating an accredited degree program. The program course planning problem (PCPP) is a decision process used to determine which compulsory and elective courses should be offered during which semester. The course plan at the program level is a key and core component of the talent cultivation scheme for any major in a higher education institution. No matter whether the academic degree program is newly launched or has existed for a long time, a solid course plan must be developed and updated regularly to align with educational objectives, technological and social change, and industrial demand. A well-designed course plan is the prerequisite and foundation for developing a detailed course timetable of each semester, as well as the guideline for carrying out daily teaching and learning activities. The quality of the program-level course plan could impact a school’s reputation and its attractiveness to potential applicants [5]. As the saying goes, “well begun is half done”. Effective course planning of educational programs could ensure the efficient use of limited educational resources, students’ satisfaction with their learning experiences, and fulfilment of the school’s vision and mission. To this end, in the light of the wide range of potential courses that can be taught in a four-year degree program, it is critical to prioritize candidate compulsory and elective courses that belong to the same course module/type/group, choose the most important ones according to the available resources (e.g., the number of faculty, credits needed for graduation), and then properly assign the selected courses to each semester.



Education for sustainable development (ESD) has received widespread attention in recent years due to its unique and important contribution to a holistic transformation of education systems [6]. ESD aims to develop the knowledge, skills, understanding, values, and actions required to improve quality of life and create a sustainable future, ensuring environmental protection, social equity, and economic development [7]. On the other hand, over recent decades, accounting degree programs have been criticized for failing to develop students’ soft skills and ignoring many problems (e.g., corporate responsibility, ecological environment, and social justice) faced by contemporary society [8,9,10,11]. With a growing interest in sustainability, an increasing number of colleges and universities want to equip students with skills and insights to help society become more sustainable in their future professional careers. However, there has not been major progress in broadening accounting’s boundaries in a sustainability context, and the efforts to reform outdated accounting education has been disappointing [8,12,13]. Currently, only very few accounting programs focus on sustainability issues, including the Bachelor of Accounting and Sustainable Business at the University of Southern Queensland, and the Masters in Sustainable Finance and Accounting at the University of Sussex. Some schools provide specific sustainability courses in their accounting program, such as Sustainability Accounting and Reporting (University of South Australia), Sustainability Accounting and Management (University of Milan), Energy Accounting (Texas A&M University), Social and Environmental Accounting (Charles Sturt University), Issues in Social and Environmental Accounting (University of Glasgow), and Accounting, Sustainability and Finance (University of Edinburgh). In addition, embracing sustainability concepts within the courses is becoming a trend for accounting education [14,15].



Accounting is a practice-oriented discipline, and the accounting profession aims to serve the public interest. To develop students’ potential to manage challenges and uncertain problems facing our planet and enhance employability of graduates, it is crucial for academic programs to prepare graduates with key competencies relevant to sustainable development (SD). In other words, as far as sustainability is concerned, higher education of accounting programs should be designed from a long-term perspective and develop student competencies that are needed by the labor market [16,17]. To enhance the quality of accounting education, this paper attempts to plan the courses of an undergraduate accounting program for sustainable development. Most of the previously published works on the PCPP describe research carried out in the field of pedagogy, and very few studies are conducted at the operational level [5]. Additionally, limited research has been undertaken to assess the relationship between courses and sustainability competencies [18]. The main motivation of this study is to fill these research gaps. In this paper, a novel decision support model integrating best worst method (BWM), fuzzy filter ranking (FFR), and multi-choice goal programming (MCGP) is proposed to develop a course plan at the program level for sustainable development. Specifically, the weights of sustainability competencies are obtained through the BWM approach. By embedding the weights from the BWM, the FFR method is applied to determine the ranking and selection of candidate compulsory and elective courses in each course module, based on their significance to competency development. Finally, based on the course selection results obtained from the BWM-FFR, an MCGP model is constructed to assign the selected courses to corresponding semesters to achieve balance amongst semesters in terms of course credits and course difficulty. A real case study is introduced to illustrate the application of the proposed approach.



The paper has the following threefold contributions:




	
There are still many challenges to integrating SD into higher education systems in practice [19]. To the best our knowledge, this is the first study using the multi-criteria decision making (MCDM) method for developing a course plan in an undergraduate accounting program considering sustainability competencies. However, the implications of the study are not limited to course planning of accounting education. The designed decision support model would shed light on implementing other educational activities to achieve the goals of ESD.



	
Many articles in the field of operational research (OR) are criticized for their failure to use sound theory to explain the method and outcome [20,21]. Additionally, the gap between theory and talent development practice is a barrier to education improvement [22]. This study proposes a novel process based on He-Xie management theory (HXMT) to address the PCPP, exploring new ways to meaningfully relate theory and practice in higher education.



	
This interdisciplinary research makes a modest contribution not only to SD literature but also to accounting education literature. This study also contributes to the quantitative measurement of the correlation between courses and sustainability competencies, termed as a sustainability mapping index. The results of the study show that education administrators can benefit from the proposed decision support model to make more informed decisions in terms of course planning at the program level. The model is also a useful tool for university academic advisors to help students make study plans.








This paper proceeds as follows: Section 2 reviews prior research on course planning and discusses the sustainability competencies to be developed through accounting education. Section 3 proposes an integrated decision support model. The justifications for the use of an integrated BWM-FFR-MCGP method are elaborated upon, and respective mathematical formulations are presented. Section 4 presents a real-life case application based on the proposed model. Section 5 conducts a sensitivity analysis to examine the course evaluation and ranking results under different weights. Finally, Section 6 provides conclusions and avenues for future research.




2. Literature Review


2.1. Course Planning


Prior works have tried to incorporate SD principles within course development. For instance, [13] linked accounting education with sustainable development and suggested potential sustainability/environmental courses that can be integrated into accounting education programs in South African universities. Based on self-determination theory, Ref. [23] proposed a five-stage development cycle to plan an artificial intelligence curriculum for SD. Ref. [24] used concept maps and a qualitative graphical tool for developing a new bachelor’s degree in engineering, enabling evaluation of the sustainability contribution of the degree. However, there is a lack of studies at a micro level that instruct course planning in practice using mathematical analysis to improve the sustainability of academic programs.



OR techniques have been broadly applied to solve educational decision problems in practice, including scheduling, resource allocation, budgeting, and performance measurement [25,26]. To improve education programs and optimize the limited resources of academic institutions, [27] applied the analytical hierarchy process (AHP) to prioritize the required knowledge of students participating in cooperative education (co-op) programs. Ref. [28] also adopted the AHP to measure the relative importance of indicators for teacher training workshops. The AHP, which uses a full pairwise comparison matrix, is more cumbersome than the proposed BWM. Ref. [29] applied the fuzzy AHP (FAHP) method to construct the selection criteria of elective courses in accounting undergraduate and graduate education from the students’ viewpoint. Ref. [30] used the analytic network process (ANP) for the determination of competency indices for the development of a virtual reality course. While the ANP is able to take the interdependent relationship of criteria into consideration, the correlation among the considered elements is unnoticeable and insignificant, which limits its practical applications due to a higher level of complexity and difficulty for DMs to complete pairwise comparison. Ref. [31] proposed a decision support system based on the goal programming (GP) model to help students develop an optimal long-term course plan considering student preferences. However, the GP model is not able to consider the multiple aspiration levels, which may result in an underestimation of decisions. To balance students’ preferences and advisors’ recommendations when assisting students to prepare long-term course plans, [32] proposed an interactive decision support for course planning plus (IDiSC+) approach. Ref. [33] used deep learning models such as long short-term memory (LSTM) and gated recurrent unit (GRU) to select elective courses based on students’ domain interest. Ref. [34] proposed a sequential pattern mining algorithm, evolutionary search of emerging sequential patterns ((ES)2P), to recommend courses to students based on the sequence of courses students had already taken. These studies neglect the real-life implication of simplification to enable users to understand and implement the introduced tools.



To develop a course plan for an industrial engineering program, [4] proposed the AHP and simple additive weighting (SAW) methods to rank courses by evaluating the relationship between courses and qualifications and then classify them into compulsory and elective courses according to the obtained score of each course. However, the process did not consider the necessity of selecting a certain number of courses from a list of candidate courses. In addition, the AHP is criticized for its lack of consistency. Although SAW is simple on computation, its disadvantage—losing fuzzy messages—results in not addressing the uncertainty in the course planning process, which can be improved using the proposed BWM and FFR approach. Ref. [5] designed a three-phase framework to develop a course plan for an undergraduate supply chain management program. A list of potential courses was proposed in the first phase, and the second phase evaluated the importance of each course based on the AHP and the fuzzy comprehensive evaluation (FCE) method. The final phase used a multi-choice goal programming with utility function (MCGP-U) model to select the courses and corresponding credits. However, the FCE result is greatly impacted by the variance among the evaluators, and the course scheduling problem was not addressed in their study. Ref. [35] utilized an integer programming (IP) model to assist an academic department in handling the course scheduling problem, with an objective of minimizing the time needed to graduate. Only this single objective was considered. Also, the relevance between courses and student competencies, as well as the course selection problem, were not discussed in their work. The missing parts in these works will be addressed simultaneously in our study.



Based on the above literature review, previous OR studies pertaining to course planning focused on the development of the content and timeline for an individual course or the recommendation of suitable courses to students to facilitate their graduation based on the existing program-level course plan. In terms of the PCPP, despite the recognition of the importance of implementing a sustainable course planning process for the quality improvement of an academic program, there is very limited research [36]. Therefore, scholars called for further studies on the PCPP to make an impact on practice [37]. Furthermore, in the prior literature on the PCPP using the MCDM approach, the element of SD has not been considered. While a growing collection of accounting education literature attempts to interact with sustainability in particular, the development of a satisfying course plan for an accounting program has not been studied.




2.2. Sustainability Competency in Accounting Education


Previous studies reveal that there is a gap between the demand for sustainability and the current status of accounting education [38,39,40,41]. Meanwhile, sustainability greatly depends on the competences of the population [42].



To achieve the sustainability goal of any area, diverse factors that act as the evaluation metrics associated with the object should be firstly analyzed [43]. As accounting professionals play a critical role in social management and creating sustainable business practices, the determination of sustainability competences is a key step toward integrating sustainability issues into accounting education [44,45]. Ref. [42] introduced SD competencies that engineering students should acquire when graduating. The competencies include three domains: knowledge and understanding, skills and abilities, and attitudes. The competency framework of ESD developed by the United Nations Educational Scientific and Cultural Organization (UNESCO) covers eight key competency domains [46] which have been widely acknowledged as the guidelines of ESD. Based on the literature review on competency requirements of the accounting profession [47,48,49,50,51,52], Table 1 describes the application of UNESCO’s competency framework for sustainable development in accounting education, which is used as the evaluation and selection criteria of accounting program courses in the present study.





3. The Proposed Framework


3.1. Theoretical Foundation


Originated from the core concept of harmony in Confucianism, He-Xie management theory was first introduced by Youmin Xi in 1989, aiming to solve complicated managerial problems in the context of change, ambiguity, and uncertainty [53]. He-Xie is the Chinese pronunciation of harmony and represents two Chinese characters. Specifically, “He” means harmony but not sameness, while “Xie” represents coordination and order. Therefore, He-Xie reflects two different but complementary methodologies for problem-solving. With the development of the HXMT, it has formed an integrated and systematic theoretical framework, as shown in Figure 1 [54].



As seen in Figure 1, the main idea of HXMT is elaborated as follows: firstly, according to an organization’s internal condition (O) and external environment (E), the leadership (L) team determines the organizational strategy (S), which is a long-term goal. In the meantime, under the guidance of vision and mission, the organization should identify core tasks to be completed or key problems to be addressed within a certain period of an organization’s development, which is called as He-Xie theme (HT). Secondly, an organization needs to develop action plans to achieve a specific HT. Among various techniques, tools, and methods, the He principle (HP) is an evolvement mechanism to create organizational value by building organizational culture, improving employee engagement and providing a platform for initiative and self-determination of organizational members. On the other hand, the Xie principle (XP) is a control mechanism and applies a constructivism perspective through process design and optimization. The selection of the principle is determined by the HT. Normally, the XP should be adopted when management problems are mainly caused by predictable or technical factors, while the HP is more appropriate if management problems arise from unpredictable or social factors, such as uncertainty about human behaviors. Finally, in a dynamic environment, HP and XP interact with each other and may convert according to the HT. This process, called He-Xie coupling (HC), contributes to the co-evolution between induced evolution and rational design. In this way, organizations can achieve dynamic coherence, resulting in desired harmony and good performance (P). To summarize, the HXMT, expressed as a double helix model, integrates oriental philosophy (reflected by the HP) and occidental philosophy (reflected by the XP) via HT and HC.




3.2. An Overview of the Course Planning Model


The HXMT can be applied to analyze and direct organizational operations in various contexts, such as human resource management, intellectual property management, nursing management, and university management [55]. In the current uncertain and fast-changing higher education environment, to ensure effective management and better quality of an academic program, a satisfying course plan is necessary. To this end, a management system for course planning is established, as shown in Figure 2, according to the HXMT.



As shown in Figure 2, course planning is identified as the HT in the complex system. To control the uncertainty from individual actors and manage the relationship appropriately, the responsibility of each stakeholder should be clearly defined, which reflects the HP. For example, in the course planning process, the academic affair office should set the tone at the top (e.g., determine the basic structure and modules of the course plan for the whole organization and make the final approval of the submitted course plan of each academic program), the department head should coordinate with other faculty members and external experts to prepare the draft of the course plan, and the dean of the school/institute (i.e., university unit) should conduct the review of the draft plan and provide feedback for revisions as necessary. In addition to the institutional arrangement activities, the workflow and process of course planning can be optimized with mathematical models, following the guide of XP. With an integrative coupling of the HP and the XP, a sustainable course plan can be developed.



To enable the XP to be understood and implemented easily in practice, an integrated decision support model for sustainable course planning is depicted in Figure 3. The proposed model can be applied to any degree program.



As shown, the whole process can be described as the following three phases.



	(1)

	
Phase I: Prioritize sustainability competencies (BWM application phase). To develop a sustainable course plan, preparation involves defining a competency matrix for SD (e.g., we use Table 1 as the list of competencies for accounting education), which is the evaluation and selection criteria of the potential courses. To prioritize various competencies according to their importance to ESD, this study applies the BWM model. Specifically, multiple stakeholders are requested to conduct the pairwise comparison of the competencies; then, the weights—the relative importance of the various criteria—can be obtained.




	(2)

	
Phase II: course ranking and selection (FFR application phase). In each course module, a list of potential courses with course information (e.g., credits and difficulty level) is determined. In the meantime, the requirement of total credits for each course module must be defined. Then, a sustainability mapping index, which measures the importance/contribution of each course to the development of sustainability competencies, can be calculated using the FFR approach. Candidate courses are ranked in each module based on the result of the respective index, and the top ones are selected to satisfy the credit requirement for graduation.




	(3)

	
Phase III: course scheduling (MCGP application phase). Once all the compulsory and elective courses are determined for each course module, the last step is to assign all the courses to corresponding semesters. In the scheduling process, multiple objectives and constraints need to be considered. To achieve the minimum deviations from the aspirations, the decision problem of scheduling can be solved through the MCGP model.








3.3. Methodological Background


3.3.1. BWM


The best worst method, a pairwise comparison-based method, is proposed by [56] to solve MCDM problems. The BWM is one of the most commonly used MCDM methods for obtaining criteria weights. Compared with the AHP method [57], which is another widely adopted MCDM method for weight determination but is relatively cumbersome because it uses a full pairwise comparison matrix, the BWM requires less data and time for comparisons and produces more reliable results due to more consistent comparisons. Therefore, the BWM is suitable for the analysis of the relative importance of different sustainability competencies in this study. The steps of the BWM are described as follows.



Step 1. Define a set of decision criteria. A set of criteria denoted as    {   c 1  ,  c 2  , ⋯ ,  c I   }    should be considered in the decision problem. In the present study, the sustainability competencies are used as the selection criteria of the course planning problem.



Step 2. Identify best and worst criteria. The DMs determine the best criterion (e.g., the most desirable, the most important factor for the decision problem) and the worst one (e.g., the least desirable, the least important factor for the decision problem) from the set of determining factors defined in step 1.



Step 3. Determine the degree of preference for the best decision criterion over all the other criteria using a nine-point (1–9) scale. Specifically, a score of 1 means equal importance of the two criteria, while a score of 9 indicates that the best criterion is significantly more important than the other factors. The obtained best-to-others (BO) vector is expressed as    A B  =   (   a  B 1    ,    a  B 2    ,…,    a  B I    ), where    a  B i     represents the preference of the best criterion  B  over criterion  i  and    a  B B     = 1.



Step 4. Determine the degree of preference for all the criteria over the worst criterion using a nine-point (1–9) scale. Similar to the previous step, the obtained other-to-worst (OW) vector would be    A W  =   (   a  1 W    ,    a  2 W    ,…,    a  I W    )T, where    a  i W     represents the preference of criterion  i  over the worst criterion  W  and    a  W W     = 1.



Step 5. Calculate the optimal weights (   w 1 *   ,    w 2 *   ,…,    w I *   ). The purpose is to determine the optimal weights of the criteria, such that the maximum absolute differences    |     w B     w i    −  a  B i    |    and    |     w i     w W    −  a  i W    |    for all  i  are minimized. The problem can be formulated as model (1).


   min   max  i     {   |     w B     w i    −  a  B i    |  ,  |     w i     w W    −  a  i W    |   }   s.t.      ∑ i    w i      =   1 ,     w i     ≥   0 ,   for all   i  



(1)







Model (1) can be translated to model (2):


  Min   ξ  s.t.    |     w B     w i    −  a  B i    |   ≤ ξ ,   for all   i    |     w i     w W    −  a  i W    |     ≤   ξ ,   for all   i     ∑ i    w i       =   1 ,    w i     ≥   0 ,   for all   i  



(2)







By solving model (2), the optimal weights (   w 1 *   ,    w 2 *   ,…,    w I *   ) and  ξ  can be obtained, where  ξ  presents a consistency ratio. The closer the  ξ  value is to zero, the greater the consistency is and, consequently, the more reliable the comparisons become.




3.3.2. FFR


The fuzzy filtering ranking method is a relatively new compromising method proposed by [58] to determine the ranking of alternatives. The FFR method is a combination of filtering method, discrete fuzzy score, and Likert scale [59]. Compared with some well-known traditional ranking methods, such as Technique of Order Preference Similarity to the Ideal Solution (TOPSIS) [60], VIšekriterijumska Optimizacija I KOmpromisno Rešenje (VIKOR) [61], and ELimination Et Choix Traduisant la REalité (ELECTRE) [62], the advantages of FFR are that it does not need to normalize the criterion decision matrix and provides precise ranking results with simple arithmetical calculation and ranking procedure. Therefore, FFR is well suited for quantifying and ranking the importance of potential courses to the development of sustainability competencies. The calculation steps of the FFR method are presented as follows.



Step 1: Classify all the criteria values of the alternatives into five categories, which are mapped to the discrete fuzzy score [0, 1]. The mapping is described below: (1) strongly significant criterion (correspond to fuzzy score 1); (2) significant criterion (correspond to fuzzy score 0.75); (3) normal criterion (correspond to fuzzy score 0.5); (4) non-significant criterion (correspond to fuzzy score 0.25); and (5) strongly non-significant criterion (correspond to fuzzy score 0).



Step 2: Construct four filters to serve as boundaries to the above five scales. The first filter of  i th criterion    A i  L l     =     3 (  A i  m i n   −  A i  a v g   )  5    +    A i  a v g    ; the second filter of  i th criterion    A i  L h     =     1 (  A i  m i n   −  A i  a v g   )  5    +    A i  a v g    ; the third filter of  i th criterion    A i  U l     =     1 (  A i  m a x   −  A i  a v g   )  5    +    A i  a v g    ; and the fourth filter of  i th criterion    A i  U h     =     3 (  A i  m a x   −  A i  a v g   )  5    +    A i  a v g    . The notations    A i  a v g    ,    A i  m a x    , and    A i  m i n     are respectively the average value, maximum value, and minimum value of the alternatives in  i th criterion.



Step 3: Create a transition decision matrix,    m  i j     (transition value of  i th criterion in  j th alternative), which reflects the discontinuous perception of the DMs for most MCDM problems. Specifically, if the value of  i th criterion for  j th alternative is less than the first filter of  i th criterion, it should be mapped to 0; if the value falls between the first and second filter, then the output value of the transition decision matrix    m  i j     equals 0.25; likewise, if the value falls between the second and third filter, it should be mapped to 0.5; if the value falls between the third and fourth filter, it is mapped to 0.75; finally, if the input value is above the fourth filter, the output value equals 1.



Step 4: Calculate the weight correctors    w i m    = 1/    ∑  j = 1  J    m  i j      . As the output value of the transition decision matrix    m  i j     may not equal for each criterion, which affects the weight deviation of the criterion, a correction value is used to ensure the output value equals 1.



Step 5: Multiply the weight    w i    with the weight corrector    w i m    and transition decision matrix    m  i j     to generate the weighted and corrected decision matrix, denoted as    s  i j     =    w i    ×    w i m    ×    m  i j     and     ∑  i = 1  I    w i      = 1, where    w i    is the weight of the  i th criterion. Finally, the ranking of the alternatives is determined according to the sum of    s  i j     in each alternative.




3.3.3. MCGP


Goal programming proposed by [63] has been widely used in solving various MCDM problems. The main characteristic of the GP approach is the determination of an aspiration level for each objective, which gives rise to the different goals. The mathematical programming problem behind this approach seeks to minimize the deviation of each objective to its aspiration level. Due to the uncertainty and lack of information in decision problems, it is not practical in many real cases to determine only one aspiration level for the objective. For instance, if the Chief Procurement Officer determines the cost saving goal of the year as USD 10 million, this aspiration level might be underestimated and, thus, the organization may miss the opportunity for better financial performance. MCGP was proposed by [64] to overcome the drawback of the traditional GP model, enabling DMs to consider multi-aspiration levels of the goal (e.g., the more the better, or the less the better) and thus avoids the underestimation of the decision. For the course planning problem, the school desires to assign selected courses to each semester in as balanced a way as possible. As a result, MCGP, which is formulated as Equation (3) to Equation (8), meets the needs of the present study.


  Min     ∑  k = 1  n   [  w k  (  d k +  +  d k −  ) +  α k  (  e k +  +  e k −  ) ]    



(3)







s.t.


    f k  ( x ) −  d k +  +  d k −  =  y k    ,   k = 1 , 2 , … , n ,   



(4)






    y k  −  e k +  +  e k −  =  g  k , max       or    g  k , min     ,   k = 1 , 2 , … , n ,   



(5)






    g  k , min   ≤  y k  ≤  g  k , max     ,   k = 1 , 2 , … , n ,   



(6)






    d k +  ,  d k −  ,  e k +  ,  e k −  ≥ 0   ,   k = 1 , 2 , … , n ,   



(7)






   x ∈ F  , ( F   is a feasible set,   x   is unrestricted in sign )  



(8)




where    f k  ( x )   is the objective function of  k th goal.    w k    and    α k    are respectively the weights attached to the sum of deviational values    d k +    and    d k −   , and    e k +    and    e k −   .    d k +    and    d k −    are allowable positive and negative deviations attached to the  k th goal    |   f k  ( x ) −      y k   |   .    e k +    and    e k −    are positive and negative deviations of    |   y k  −      g  k , max    |    or    |   y k  −      g  k , min    |   .    y k    is the aspiration level (target value) of the  k th goal and is a continuous variable with a range of interval values    g  k , min   ≤  y k  ≤  g  k , max    .    g  k , min     and    g  k , max     are the lower and upper bounds of    y k   , respectively.






4. An Illustrative Case


4.1. Background


To illustrate the validity of the proposed framework for sustainable course planning, a case study of an undergraduate accounting program of a Chinese university is conducted. The vision of the accounting program is to provide an exceptional student learning experience and become the preferred source of professionally trained graduates in the region. The mission of the program is to equip students with the knowledge and skills to be successful as citizens and professionals. In this university, a complete course plan is composed of general education and major education. As courses under general education are provided in the first two years of undergraduate study and are centrally arranged by the university, this study focuses on planning the program-specific courses, which need to be completed by students in the last two years of study.



Currently, the course plan of the undergraduate accounting program is reviewed on an annual basis. However, the revisions of the course plan are manual and merely based on intuitive decisions. A standardized process has not been developed. The importance degree of the desired competencies has not been determined, nor has the relationship between the courses and the competencies been established. The department head often struggles to replace outdated courses with new, suitable courses. The factors to properly assign courses to semesters were not considered. The business school intends to improve the course planning process to ensure the quality of talent development and increase student satisfaction. Developing a satisfying course plan for all the degree programs has been identified as a core task of the 3-year school development plan. To solve the drawbacks of the manual and intuitive process and make the course plan more sustainable, both faculty members and accounting experts are involved to implement the proposed framework.




4.2. Implementation of the Proposed Framework


4.2.1. Prioritization of Sustainability Competencies Using the BWM


The weights of the sustainability competencies listed in Table 1 can be calculated through the BWM model. The DM panel in this case study includes one accounting department head, three accounting professors from the business school, and one accounting professional from a local company. All experts have over 10- years of experience in their fields. The comparison data needed for the BWM were collected individually from each panel member. Table 2 exhibits the response of one of the experts regarding his judgements on the relative importance of the best (i.e., most important) criterion over all the other criteria, on a scale ranging from 1 to 9. Table 3 exhibits his preference for all other criteria over the worst (i.e., least significant) criterion, using the same scale running from 1 to 9. According to this expert (DM1), normative (C3) and self-awareness (C7) are identified as the best criterion and the worst criterion, respectively. The calculated consistency ratio ( ξ ) is 0.21, which is close to zero; therefore, the comparisons are consistent and reliable.



Through the application of the BWM model in a BWM solver, an excel file developed by the creator of the method, criteria weights were obtained for all DMs as summarized in Table 4. Consistency tests of pairwise comparisons made by each DM were passed. Finally, simple averaging [65] was used to aggregate weights across DMs. As can be seen from Table 4, integrated problem-solving (C8) is viewed as the most important competency, followed by critical thinking (C6) and collaboration (C5). The results indicate that anticipatory (C2) is the least important criterion.




4.2.2. Course Ranking and Selection Using FFR


Based on the courses currently offered by the studied program and the reference to courses provided by leading accounting programs of other universities, a total of 53 compulsory and elective courses were proposed for selection. Pj (j = 1, 2,⋯, J) is used to denote the candidate courses. Each course was classified into a module according to the course structure defined by the studied case. To illustrate the calculation process, we used seven courses (P1–P7) under the first course module, compulsory–preliminary courses, as an example.



In the first step, the experts were asked to determine collectively the relevance between the courses and the sustainability competencies. The relevance degree can be expressed using a 10-point scale [66], ranging from 1 (extremely weak) to 10 (extremely strong) with integer values of 2 to 9 as intermediate values. The scale also represents the contribution level of the courses to the development of sustainability competencies. In the second step, based on the rated value of each course given by the panel members, the boundary values can be calculated by course module. The evaluation results and boundary values for the module of compulsory–preliminary courses are shown in Table 5. In the third step, a transition decision matrix (   m  i j    ) was established according to the evaluation values and boundary values. The fourth step of the FFR was to calculate the weight corrector (   w i m   ) according to the constructed transition decision matrix. Table 6 illustrates the results of the third and fourth steps for the seven courses in the example. The last step was to obtain the weighted and corrected decision matrix (   s  i j    ) and rank the courses based the sustainability mapping index (   p  i j    ), which was the sum of the weighted and corrected decision matrix in each course. Table 7 displays the weighted and corrected decision matrix, the results of sustainability mapping index (column “Sum”), and the corresponding ranking.



By repeating the above steps for all course modules, the results of all potential courses were presented in Table 8. The accounting department head and professors who are the members of the DM panel provided information of credits (ranging from 1 to 8) and difficulty level (ranging from 1 to 5) for each course, which is also listed in Table 8. According to the ranking of the course and the total credits needed for the module, the top-ranked courses should be selected. For instance, as the module of compulsory–preliminary courses requires a total of 9 or 10 credits, finally, the top 4 courses were selected to satisfy the credits requirement. As a result, 19 out of 27 compulsory courses and 16 out of 26 elective courses were selected. Figure 4 and Figure 5 respectively depict the selection results of compulsory courses and elective courses.




4.2.3. Course Scheduling Using MCGP


According to the selected courses shown in Figure 4 and Figure 5, compulsory courses and elective course have 52 credits (19 courses) and 38 credits (16 courses) in total, respectively. These courses need to be scheduled within the four semesters in the last two years of an undergraduate program. From a balanced perspective, the most ideal situation is that, on average, each semester is assigned with compulsory courses of 13 credits and elective courses of 9.5 credits. In the meantime, the average difficulty levels for the selected compulsory courses and elective course are respectively 3 and 3.1875.



There are 35 courses that will be provided by the accounting program. To schedule these selected courses within four semesters, multiple objectives were defined as follows:




	(G1)

	
For compulsory courses, to distribute the workload of courses as evenly as possible, the total deviation between the allocated credits and the desired credits (13 credits) in each semester should be no more than 10, and the lower the better.




	(G2)

	
For compulsory courses, to ensure the course difficulty level among semesters is maintained as balanced as possible, the total deviation between the actual difficulty level on average and the desired difficulty level (score 3) in each semester should be no more than 2.5, and the lower the better.




	(G3)

	
Similar to the first goal, for elective courses, the total deviation between the allocated credits and the desired credits (9.5 credits) in each semester should be no more than 8, and the lower the better.




	(G4)

	
Similar to the second goal, for elective courses, the total deviation between the actual difficulty level on average and the desired difficulty level (score 3.1875) in each semester should be no more than 2, and the lower the better.









We assign a penalty weight of 5 for missing goals related to compulsory courses and a penalty weight of 3 for missing goals related to elective courses. Let    s j    represent the difficulty level of the jth course and    u j    denote the credits of the jth course. The binary decision variable    x  j t     determines whether course j is scheduled in semester t.    x  j t     is equal to 1 if the course is assigned to the semester and, otherwise, it is equal to 0. For the convenience of modelling, the selected courses are renumbered according to their order in the original code and, thus, j = 1, 2,⋯, 35, and the first 19 courses are compulsory courses, while the last 16 courses are elective courses. According to the MCGP model, the scheduling problem is formulated as follows.


   Min   5 (  d 1 +  +  d 1 −  ) + (  e 1 +  +  e 1 −  )   + 5 (  d 2 +  +  d 2 −  ) + (  e 2 +  +  e 2 −  )   +  3 (  d 3 +  +  d 3 −  ) + (  e 3 +  +  e 3 −  )   + 3 (  d 4 +  +  d 4 −  ) + (  e 4 +  +  e 4 −  )   



(9)







s.t.


    |    ∑  j = 1   19     u j   x  j 1     − 13  |  +  |    ∑  j = 1   19     u j   x  j 2     − 13  |  +  |    ∑  j = 1   19     u j   x  j 3     − 13  |  +  |    ∑  j = 1   19     u j   x  j 4     − 13  |     −  d 1 +  +  d 1 −  =  y 1    



(10)






    |      ∑  j = 1   19     s j   x  j 1         ∑  j = 1   19     x  j 1       − 3  |  +  |      ∑  j = 1   19     s j   x  j 2         ∑  j = 1   19     x  j 2       − 3  |  +  |      ∑  j = 1   19     s j   x  j 3         ∑  j = 1   19     x  j 3       − 3  |  +  |      ∑  j = 1   19     s j   x  j 4         ∑  j = 1   19     x  j 4       − 3  |     −  d 2 +  +  d 2 −  =  y 2    



(11)






    |    ∑  j = 20   35     u j   x  j 1     − 9.5  |  +  |    ∑  j = 20   35     u j   x  j 2     − 9.5  |  +  |    ∑  j = 20   35     u j   x  j 3     − 9.5  |  +  |    ∑  j = 20   35     u j   x  j 4     − 9.5  |     −  d 3 +  +  d 3 −  =  y 3    



(12)






    |      ∑  j = 20   35     s j   x  j 1         ∑  j = 20   35     x  j 1       − 3.1875  |  +  |      ∑  j = 20   35     s j   x  j 2         ∑  j = 20   35     x  j 2       − 3.1875  |  +  |      ∑  j = 20   35     s j   x  j 3         ∑  j = 20   35     x  j 3       − 3.1875  |  +  |      ∑  j = 20   35     s j   x  j 4         ∑  j = 20   35     x  j 4       − 3.1875  |     −  d 4 +  +  d 4 −  =  y 4    



(13)






   y k  −  e k +  +  e k −  = 0   k   =   1 ,   2 ,   3 ,   4  



(14)






   0 ≤  y 1  ≤ 10   ,   0 ≤  y 2  ≤ 2.5   ,   0 ≤  y 3  ≤ 8   ,   0 ≤  y 4  ≤ 2   



(15)






     ∑  t = 1  4    x  j t     = 1 ,  ∀ j  



(16)






     ∑  j = 20   25     x  j t     ≤ 2   ,     ∑  j = 26   28     x  j t     ≤ 1   ,     ∑  j = 29   31     x  j t     ≤ 1   ,     ∑  j = 32   35     x  j t     ≤ 2 ,  ∀ t  



(17)






    x  v  t 1    ≤   ∑   t 2  =  t 1  + 1  4    x  z  t 2       , ( v ,   z ) ∈ O  ,   ∀  t 1  ,  t 2    



(18)






    x  j t    =   0   or   1 , ∀ ( j ,   t )  



(19)






    x  11     =  x  254     =  x  264      =   1  



(20)






   d k +  ,  d k −  ,  e k +  ,  e k −  ≥ 0 ,   k   =   1 ,   2 ,   3 ,   4  



(21)







In the above model, Equation (9) is the objective function to minimize the total deviation of each objective to the aspiration levels. Equation (10) to Equation (13) are associated with the defined four goals. Equation (13) and Equation (14) respectively mean the deviation of the aspirational level from its lower bound and the lower and upper bounds of aspiration level. Equation (16) ensures that each course can onlybe assigned to one semester. In terms of Equation (17), for each module of elective courses, there is a limitation to the number of courses that can be offered in the same semester. Elective courses in the same group cannot be provided for more than one to two courses in the same semester. This is to allow students to have broader choices among different modules of electives in one semester and thus satisfy the needs of students with different interest domains. Equation (18) indicates the predecessor-successor relationship. In other words, the successor course  z  should be assigned to a later semester than its predecessor course  v .  O  is the set of predecessor-successor pairs, and  O  = {(1, 5), (5, 6), (1, 7), (1, 9), (9, 14)}. Equation (19) is a binary (0–1) decision variable. For Equation (20), the identified three courses must be scheduled in the designated semesters.




4.2.4. Results and Discussion


By running the LINGO 18.0 software, the results of variables are obtained, and the detailed course plan of the studied accounting program can be presented as Table 9. As a result, the 19 compulsory courses and 16 elective courses are properly assigned to the four semesters of the last two years of the university education, satisfying all the defined objectives and constraints.



To analyze the results, as can be seen from Table 10, the allocated credits and difficulty level are quite balanced among the semesters. In each semester, the total credits of compulsory courses range from 12 to 14, and the total credits of elective courses range from 9 to 10. In the meantime, in each semester, the average difficulty level of compulsory courses falls between 2.7143 and 4, and the average difficulty level of elective courses is either 3 or 3.25. As a result, all four objectives have been achieved exceptionally as follows:




	(G1)

	
for compulsory courses, the total deviation between the allocated credits and the desired credits (13 credits) in each semester is 2, which is only 1/5 of the upper bound of the aspiration level.




	(G2)

	
for compulsory courses, the total deviation between the actual average difficulty level and the desired difficulty level (score 3) in each semester is 1.2857, which is about 1/2 of the upper bound of the aspiration level.




	(G3)

	
for elective courses, the total deviation between the allocated credits and the desired credits (9.5 credits) in each semester is 2, which is 1/4 of the upper bound of the aspiration level.




	(G4)

	
for elective courses, the total deviation between the actual average difficulty level and the desired difficulty level (score 3.1875) in each semester is 0.375, which is about 1/5 of the upper bound of the aspiration level.









Unlike the current course planning process, this case study uses management judgement in a different methodology and is supported by new data, therefore a direct comparison of the results (i.e., the finalized course plan) between the proposed framework and the real-life course planning was not possible. However, the school leaders and academic office head are satisfied with the results and are interested in the designed process.






5. Sensitivity Analysis


To verify the robustness of the solution, a sensitivity analysis is conducted in terms of changes in DMs’ weights on sustainability competency.



In the illustrated case study, namely Case I, when ranking candidate courses using FFR method, the results are based on one set of weights w = (0.0851, 0.0557, 0.1146, 0.0708, 0.1679, 0.1877, 0.0760, 0.2423) from the BWM method. In other words, DMs view integrated problem-solving (C8) as the most important competency, followed by critical thinking (C6) and collaboration (C5), while anticipatory (C2) is the least important criterion. Case II makes the weight of each criterion equal, that is,  w  = [1]8×8. In addition, as shown in Table 11, let each competency be the most critical one in the respective scenario while keeping the rest of the competencies equal. Taking the seven compulsory–preliminary courses as an example; Figure 6 depicts the comparison of the ranking results.



As it is seen, there are five scenarios (i.e., Case I, Case II, Case III, Case IV, and Case X) which have the same ranking results. In all scenarios except Case VIII, course P7 ranks the first. Therefore, this course is sensitive to critical thinking criterion. P3 ranks the last in all cases, identifying it as the least important course in terms of sustainability competency development. P2 becomes a top 3 course only in Case VIII, and P5 becomes a top 3 course in Case VII and Case VIII. On the other hand, P1 is not ranked as a top 3 course only in Case VIII, and P6 is not ranked as a top 3 course in Case VII and Case VIII. To summarize, the DMs’ judgements on the importance of sustainability competency could impact the ranking results to a certain extent. However, the difference of the sustainability mapping index is not significant among the scenarios, ranging from 0.03 to 0.08. Based on the ranking results and the credits required by the module, the same four courses will be selected (i.e., P1, P5, P6, P7) in all scenarios excepted for Case V and Case VIII, where course P2 would replace course P5 and course P6, respectively.




6. Conclusions and Future Work


Course planning is mandatory for initiating any new degree program. It also provides an opportunity to ensure existing degree programs stay current in the job market. A manually generated course plan might contain errors and take a long time to find feasible solutions. Furthermore, education for sustainable development is a key factor in sustaining academic quality. Hence, there is a need for a more possible and realistic process for developing a course plan that considers sustainability competencies. However, scarce research has been conducted to plan program-level courses of higher education at the operational level. This study proposes an integrated MCDM model, based on He-Xie management theory, to address the program course planning problem for sustainable development. In the proposed framework, the BWM method is utilized to obtain the optimal weights of sustainability competencies, the FFR method is adopted to select top-ranked courses in each course module based on the importance of each course to competency development, and then the MCGP model is applied to determine the appropriate semester for each selected course, with the goal of balancing total credits and average difficulty level among semesters as much as possible. Accounting plays a vital role in running a business and is becoming increasingly important in global economic life. A case study of an undergraduate accounting program is performed to illustrate the effectiveness and practicability of the introduced sustainable course planning model.



The success of universities relies on the operation of the system [4]. The strength of the proposed framework is that it enables stakeholders to identify the importance of various factors, prioritize potential courses, and achieve multiple conflicting goals when planning courses at the program level. In each course planning step, stakeholders’ opinions were considered and mathematical models were constructed to provide the requirements under management constraints. The proposed model not only selects more critical courses from a sustainable development perspective, but also balances workload and difficulty level each semester. Although it is time-consuming to implement the framework at the beginning, the practice can be repeated each year, and the total time spent on it would be reduced in the future. Compared with a manual process, the designed process makes more sense, the justification of the course selection can be documented, and the course calendar is more accurate and balanced, resulting in more preferred course plans according to stakeholders’ needs. Compared with previous works on the PCPP, the new decision support model is promising. The novel approach allows the capture of the fuzzy nature of human decision making and avoids underestimation of the decision. The model is flexible and can be easily adjusted according to management preference and objectives. The model also represents a comprehensive process to complete the complex tasks of course planning. Especially, most of the process can be achieved through a spreadsheet without systems, making it easier for users to adopt than other complicated MCDM approaches. The next step of the application is to make the scheduling process workable without the requirement of programming. To this end, our model can be used by collaborating with programming scholars to jointly develop a course planning template or analytical software for use by higher education institutions.



The practical implication of this study is not limited to course planning of accounting programs. The results of the case study also manifest that the proposed model is flexible and can be applied to any degree programs. This paper also contributes to the body of knowledge on educational management and sheds light on linking operational research to theory. Furthermore, the present study invokes interdisciplinary study in education for sustainable development, offering practical directions and guidance for university policy makers to make informed changes and improve administrative efficiency and effectiveness. University academic advisors can also benefit from this research by using the proposed model as a tool to provide consultancy on developing a solid student study plan.



Similar to other studies, this research is subject to some limitations, which can be overcome in future research. In the present study, when applying the BWM to obtain the optimal weights in the context of group decision making, the results might be impacted by extreme values using the simple averaging method. Therefore, other aggregation methods, such as the Bayesian approach and the Delphi approach, can be considered in future research. In addition, unlike the use of single-level evaluation criteria in this study, the main criteria of course evaluation can be further divided into sub-criteria, and then the global weights of the sub-criteria (multiply the local weight of each sub-criterion by the global weight of each main criterion to which it belongs) can be generated. To expand the application areas of the proposed integrated models, further studies also can be conducted by scholars to apply the proposed framework to solve other assignment and scheduling problems, such as university course scheduling problems for assigning faculty to courses and then courses to specific classrooms and timeslots in each semester. Furthermore, some other MCDM methods, such as ANP, FCE, ELECTRE, TOPSIS, and VIKOR, can be used to compare the results of the current study.
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Figure 1. The theoretical framework of HXMT (reproduced from [54]). 
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Figure 2. Application of HXMT to course planning. 
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Figure 3. An integrated decision support model for course planning. 
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Figure 4. Selection results of compulsory courses. 
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Figure 5. Selection results of elective courses. 






Figure 5. Selection results of elective courses.



[image: Sustainability 15 05024 g005]







[image: Sustainability 15 05024 g006 550] 





Figure 6. Ranking results under 10 scenarios. 






Figure 6. Ranking results under 10 scenarios.



[image: Sustainability 15 05024 g006]







[image: Table] 





Table 1. Framework of sustainability competency in accounting education.
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	Key Sustainability Competence
	Description in Accounting Education





	System thinking (C1)
	
	-

	
Systematically master the basic theories of economics, management, accounting and finance; master the knowledge of tax planning, management accounting, internal control, and financial analysis; and master the theoretical frontiers and development trends of accounting.




	-

	
Proficiency in qualitative and quantitative analysis methods, with data mining and data analysis capabilities.




	-

	
Have an in-depth understanding of the role of accounting in its socio-political context.









	Anticipatory (C2)
	
	-

	
Ability to deal with risks and changes.




	-

	
Use financial information to evaluate and forecast the performance of the enterprise.




	-

	
Aware of international accounting issues and practices, including roles and responsibilities played by accountants in a global context.









	Normative (C3)
	
	-

	
Demonstrate social and personal responsibility and ethical behavior for organizational contexts.




	-

	
Have professional values, including integrity and stewardship, serve to the community, and commit to lifelong learning.




	-

	
Familiar with the work norms, basic standards, and institution in various fields involved in accounting.




	-

	
Possess an international perspective and a sound professional knowledge in sustainable development.









	Strategic (C4)
	
	-

	
Apply information technology and research methods to improve organizational decision making.




	-

	
Evaluate scenarios impacting an organization and respond using multi-disciplinary knowledge.




	-

	
Have a broad vision, an innovative spirit of exploration, and a humanistic spirit and scientific literacy.









	Collaboration (C5)
	
	-

	
Apply interpersonal skills and teamwork to function effectively in diverse environments.




	-

	
Have strong influencing and negotiating skills, conflict management skills, and planning and organization ability.









	Critical thinking (C6)
	
	-

	
Use analytical approaches and questioning skills that support professional skepticism and assurance of accounting information.




	-

	
Ability to reach justifiable conclusions to questions that cannot be answered definitively and where information may not be available.









	Self-awareness (C7)
	
	-

	
Develop reflective thinking skills and resilience skills.




	-

	
Have a positive and optimistic attitude towards life, have a sense of responsibility in study and work, and have high adaptability.









	Integrated problem-solving (C8)
	
	-

	
Ability to apply accounting theories and methods to solve practical problems, and use software to handle accounting issues of enterprises.




	-

	
Ability to identify issues and develop questions, apply appropriate analyses, interpret results, and communicate conclusions.




	-

	
Proficiency in theories and methods of fundamental subjects such as economics and mathematics, computers, and statistics.




	-

	
Have general knowledge in philosophy, sociology, psychology, science and technology, language and literature, health, arts, career development, innovation and entrepreneurship, etc.
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Table 2. Best criterion preference over the other criteria for DM1.
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	Best to Others
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8





	C3
	7
	6
	1
	6
	4
	3
	8
	2
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Table 3. Preference of all criteria over the worst criterion for DM1.
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	Others to the Worst
	C7





	C1
	2



	C2
	3



	C3
	8



	C4
	3



	C5
	5



	C6
	6



	C7
	1



	C8
	7
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Table 4. Results of BWM: individually derived criteria weights.
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	Decision Makers
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8





	DM1
	0.0577
	0.0673
	0.3365
	0.0673
	0.1010
	0.1346
	0.0337
	0.2019



	DM2
	0.0765
	0.0547
	0.0638
	0.0335
	0.3252
	0.1913
	0.0638
	0.1913



	DM3
	0.0594
	0.0354
	0.0743
	0.0743
	0.2546
	0.2546
	0.1485
	0.0990



	DM4
	0.1475
	0.0369
	0.0632
	0.0738
	0.0885
	0.1475
	0.0738
	0.3688



	DM5
	0.0842
	0.0842
	0.0351
	0.1052
	0.0701
	0.2104
	0.0601
	0.3507



	Average
	0.0851
	0.0557
	0.1146
	0.0708
	0.1679
	0.1877
	0.0760
	0.2423



	Rank
	5
	8
	4
	7
	3
	2
	6
	1
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Table 5. Course rating and boundaries.
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	Courses
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8





	P1
	6
	6
	8
	5
	4
	5
	3
	7



	P2
	7
	3
	6
	3
	2
	7
	3
	5



	P3
	3
	1
	4
	2
	5
	4
	2
	4



	P4
	5
	3
	4
	5
	8
	5
	3
	5



	P5
	4
	5
	4
	5
	6
	7
	5
	5



	P6
	6
	5
	5
	8
	4
	5
	6
	6



	P7
	5
	5
	10
	8
	7
	4
	8
	7



	    A i  a v g     
	5.1429
	4
	5.8571
	5.1429
	5.1429
	5.2857
	4.2857
	5.5714



	    A i  m a x     
	7
	6
	10
	8
	8
	7
	8
	7



	    A i  m i n     
	3
	1
	4
	2
	2
	4
	2
	4



	    A i  U h     
	6.2571
	5.2000
	8.3429
	6.8571
	6.8571
	6.3143
	6.5143
	6.4286



	    A i  U l     
	5.5143
	4.4000
	6.6857
	5.7143
	5.7143
	5.6286
	5.0286
	5.8571



	    A i  L h     
	4.7143
	3.4000
	5.4857
	4.5143
	4.5143
	5.0286
	3.8286
	5.2571



	    A i  L l     
	3.8571
	2.2000
	4.7429
	3.2571
	3.2571
	4.5143
	2.9143
	4.6286
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Table 6. The transition decision matrix (   m  i j    ) and weight corrector (   w i m   ).
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	Courses
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8





	P1
	0.75
	1
	0.75
	0.5
	0.25
	0.25
	0.25
	1



	P2
	1
	0.25
	0.5
	0
	0
	1
	0.25
	0.25



	P3
	0
	0
	0
	0
	0.5
	0
	0
	0



	P4
	0.5
	0.25
	0
	0.5
	1
	0.25
	0.25
	0.25



	P5
	0.25
	0.75
	0
	0.5
	0.75
	1
	0.5
	0.25



	P6
	0.75
	0.75
	0.25
	1
	0.25
	0.25
	0.75
	0.75



	P7
	0.5
	0.75
	1
	1
	1
	0
	1
	1



	    w i    
	0.0851
	0.0557
	0.1146
	0.0708
	0.1679
	0.1877
	0.0760
	0.2423



	    w i m    
	0.2667
	0.2667
	0.4000
	0.2857
	0.2667
	0.3636
	0.3333
	0.2857
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Table 7. The weighted and corrected decision matrix (   s  i j    ) and sustainability mapping index (   p  i j    ).
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	Courses
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	Sum
	Rank





	P1
	0.0170
	0.0148
	0.0344
	0.0101
	0.0112
	0.0171
	0.0063
	0.0692
	0.1802
	2



	P2
	0.0227
	0.0037
	0.0229
	0
	0
	0.0683
	0.0063
	0.0173
	0.1412
	5



	P3
	0
	0
	0
	0
	0.0224
	0
	0
	0
	0.0224
	7



	P4
	0.0113
	0.0037
	0
	0.0101
	0.0448
	0.0171
	0.0063
	0.0173
	0.1106
	6



	P5
	0.0057
	0.0111
	0
	0.0101
	0.0336
	0.0683
	0.0127
	0.0173
	0.1587
	4



	P6
	0.0170
	0.0111
	0.0115
	0.0202
	0.0112
	0.0171
	0.0190
	0.0519
	0.1590
	3



	P7
	0.0113
	0.0111
	0.0458
	0.0202
	0.0448
	0
	0.0253
	0.0692
	0.2279
	1
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Table 8. Ranking of potential courses.
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Module

	
Credits Range

	
Code (Pj)

	
Courses

	
Credits

	
Difficulty Level

	
Calculated Index (pij)

	
Rank






	
Compulsory–preliminary courses

	
9–10

	
1

	
Introductory Accounting

	
3

	
2

	
0.1802

	
2




	
2

	
Economic Law

	
2

	
2

	
0.1412

	
5




	
3

	
English for Accounting

	
2

	
1

	
0.0224

	
7




	
4

	
Human Resources Management

	
3

	
2

	
0.1106

	
6




	
5

	
Business Communication

	
2

	
2

	
0.1587

	
4




	
6

	
Organizational Behavior

	
2

	
3

	
0.1590

	
3




	
7

	
Corporate Social Responsibility

	
2

	
2

	
0.2279

	
1




	
Compulsory–core courses

	
20–21

	
8

	
Financial Management

	
3

	
3

	
0.0751

	
8




	
9

	
Intermediate Financial Accounting I

	
3

	
3

	
0.1148

	
4–5




	
10

	
Intermediate Financial Accounting II

	
3

	
3

	
0.1148

	
4–5




	
11

	
Auditing

	
3

	
4

	
0.1553

	
2




	
12

	
Advanced Financial Accounting

	
3

	
5

	
0.0576

	
9




	
13

	
Financial Statement Analysis

	
3

	
3

	
0.0808

	
7




	
14

	
Managerial Accounting

	
3

	
3

	
0.1341

	
3




	
15

	
Taxation Laws

	
3

	
4

	
0.1119

	
6




	
16

	
Accounting, Sustainability and a Changing Environment

	
2

	
3

	
0.1557

	
1




	
Compulsory–practice- based courses

	
8–9

	
17

	
Accounting Simulated Operation

	
1

	
3

	
0.1263

	
4




	
18

	
Labor Education

	
1

	
2

	
0.1833

	
1




	
19

	
Accounting Information Systems

	
2

	
2

	
0.0922

	
7




	
20

	
Application of Excel in Accounting

	
2

	
2

	
0.0645

	
8




	
21

	
Simulated Sand-table Exercise

	
2

	
3

	
0.1301

	
3




	
22

	
Statistical Software Application

	
1

	
3

	
0.1178

	
5




	
23

	
Social Practice

	
2

	
4

	
0.1765

	
2




	
24

	
Seminar in Professionalism

	
2

	
2

	
0.1092

	
6




	
Compulsory–concentrated professional training

	
13–14

	
25

	
Graduation Practice

	
6

	
4

	
0.3469

	
2




	
26

	
Graduation Thesis

	
8

	
4

	
0.3688

	
1




	
27

	
Capstone Projects in Accounting

	
5

	
4

	
0.2843

	
3




	
Elective–major related (general track)

	
12–13

	
28

	
Government Accounting

	
3

	
4

	
0.0968

	
7




	
29

	
Accounting of Financial Institutions

	
2

	
2

	
0.1005

	
6




	
30

	
Python Data Analysis

	
2

	
3

	
0.0807

	
8




	
31

	
Big Data Technology and Application

	
2

	
4

	
0.1399

	
2




	
32

	
Securities Investment

	
2

	
3

	
0.1182

	
3




	
33

	
Academic Paper Writing

	
2

	
2

	
0.0795

	
9




	
34

	
Lectures on Academic Frontiers

	
1

	
2

	
0.1179

	
4




	
35

	
Accounting and Society

	
3

	
3

	
0.1644

	
1




	
36

	
Financial Economics

	
2

	
3

	
0.1020

	
5




	
Elective–major related (taxation track)

	
7–9

	
37

	
Tax Accounting

	
3

	
3

	
0.1090

	
5




	
38

	
Tax Planning

	
2

	
4

	
0.2414

	
2




	
39

	
Asset Evaluation

	
3

	
4

	
0.2054

	
3




	
40

	
International Taxation

	
3

	
3

	
0.1281

	
4




	
41

	
Tax Examination

	
2

	
4

	
0.3161

	
1




	
Elective–major related (audit track)

	
7–9

	
42

	
Internal Auditing

	
3

	
4

	
0.2004

	
1




	
43

	
Internal Control

	
3

	
3

	
0.1614

	
4




	
44

	
IT Audit

	
3

	
5

	
0.1215

	
6




	
45

	
Fraud Examination

	
2

	
3

	
0.1898

	
2




	
46

	
Corporate Strategy and Risk Management

	
3

	
4

	
0.1718

	
3




	
47

	
Government Auditing

	
2

	
4

	
0.1550

	
5




	
Elective–interdisciplinary in business area

	
10–12

	
48

	
Introduction to International Trade

	
3

	
2

	
0.1386

	
4




	
49

	
Introduction to Electronic Commerce

	
3

	
2

	
0.1147

	
6




	
50

	
Operations Management

	
3

	
4

	
0.2277

	
1




	
51

	
International Corporate Finance

	
2

	
3

	
0.1342

	
5




	
52

	
Introduction to Marketing

	
2

	
2

	
0.1656

	
3




	
53

	
Introduction to Supply Chain Management

	
3

	
3

	
0.2192

	
2
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Table 9. The course plan for the undergraduate accounting program (exclude general education part).
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Semester 1 (Year 3)

	
Semester 2 (Year 3)




	
No.

	
Original Code

	
Compulsory Course

	
Credits

	
No.

	
Original Code

	
Compulsory Course

	
Credits




	
1

	
M1

	
Introductory Accounting

	
3

	
5

	
P9

	
Intermediate Financial Accounting I

	
3




	
4

	
M7

	
Corporate Social Responsibility

	
2

	
7

	
P11

	
Auditing

	
3




	
8

	
M13

	
Financial Statement Analysis

	
3

	
9

	
P14

	
Managerial Accounting

	
3




	
10

	
M15

	
Taxation Laws

	
3

	
12

	
P17

	
Accounting Simulated Operation

	
1




	
16

	
M23

	
Social Practice

	
2

	
17

	
P24

	
Seminar in Professionalism

	
2




	
No.

	
Original code

	
Elective Course

	
Credits

	
No.

	
Original code

	
Elective Course

	
Credits




	
22

	
P32

	
Securities Investment

	
2

	
23

	
P34

	
Lectures on Academic Frontiers

	
1




	
24

	
P35

	
Accounting and Society

	
3

	
27

	
P39

	
Asset Evaluation

	
3




	
26

	
P38

	
Tax Planning

	
2

	
31

	
P46

	
Corporate Strategy and Risk Management

	
3




	
34

	
P52

	
Introduction to Marketing

	
2

	
35

	
P53

	
Introduction to Supply Chain Management

	
3




	
Semester 3 (Year 4)

	
Semester 4 (Year 4)




	
No.

	
Original code

	
Compulsory Course

	
Credits

	
No.

	
Original code

	
Compulsory Course

	
Credits




	
2

	
P5

	
Business Communication

	
2

	
18

	
P25

	
Graduation Practice

	
6




	
3

	
P6

	
Organizational Behavior

	
2

	
19

	
P26

	
Graduation Thesis

	
8




	
6

	
P10

	
Intermediate Financial Accounting II

	
3

	

	

	

	




	
11

	
P16

	
Accounting, Sustainability and a Changing Environment

	
2

	

	

	

	




	
13

	
P18

	
Labor Education

	
1

	

	

	

	




	
14

	
P21

	
Simulated Sand-table Exercise

	
2

	

	

	

	




	
15

	
P22

	
Statistical Software Application

	
1

	

	

	

	




	
No.

	
Original code

	
Elective Course

	
Credits

	
No.

	
Original code

	
Elective Course

	
Credits




	
21

	
P31

	
Big Data Technology and Application

	
2

	
20

	
P29

	
Accounting of Financial Institutions

	
2




	
25

	
P36

	
Financial Economics

	
2

	
28

	
P41

	
Tax Examination

	
2




	
29

	
P42

	
Internal Auditing

	
3

	
30

	
P45

	
Fraud Examination

	
2




	
32

	
P48

	
Introduction to International Trade

	
3

	
33

	
P50

	
Operations Management

	
3
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Table 10. Actual results analysis.
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Semester

	
Compulsory Courses

	
Elective Courses




	
Total Credits

	
Average Difficulty Level

	
Total Credits

	
Average Difficulty Level






	
Semester 1

	
13

	
3

	
9

	
3




	
Semester 2

	
12

	
3

	
10

	
3.25




	
Semester 3

	
13

	
2.7143

	
10

	
3.25




	
Semester 4

	
14

	
4

	
9

	
3.25




	
Total deviation

	
2

	
1.2857

	
2

	
0.375
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Table 11. Competency weights under 10 scenarios.
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	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8





	Case I
	0.0851
	0.0557
	0.1146
	0.0708
	0.1679
	0.1877
	0.0760
	0.2423



	Case II
	0.125
	0.125
	0.125
	0.125
	0.125
	0.125
	0.125
	0.125



	Case III
	0.3
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1



	Case IV
	0.1
	0.3
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1



	Case V
	0.1
	0.1
	0.3
	0.1
	0.1
	0.1
	0.1
	0.1



	Case VI
	0.1
	0.1
	0.1
	0.3
	0.1
	0.1
	0.1
	0.1



	Case Ⅶ
	0.1
	0.1
	0.1
	0.1
	0.3
	0.1
	0.1
	0.1



	Case Ⅷ
	0.1
	0.1
	0.1
	0.1
	0.1
	0.3
	0.1
	0.1



	Case IX
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.3
	0.1



	Case X
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.3
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