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Abstract

:

Management strategies play an important role in enhancing the competitive advantage and sustainable development of national museums. The purpose of this study is to focus on evaluating the management strategies of national museums to reduce the gaps in visitor satisfaction that are caused by the interdependence and feedback problems of the so-called BOCR dimensions (namely, benefits, opportunity, costs, and risks) and 24 criteria. This study creates a hybrid competitive advantage multiple-criteria decision-making model for national museums by integrating the decision-making trial and evaluation laboratory-based analytic network process and modified VIKOR (VlšeKriterijumska Optimizacija I Kompromisno Resenje) techniques to solve the problems. We consider five different types of national museums to illustrate how the proposed new evaluation model enhances the competitive advantage of national museums. Our results provide national museum curators with the knowledge and understanding to create promotional and marketing strategies that reduce the gaps in dimensions and criteria to satisfy visitors’ needs and to enhance their competitive advantage.
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1. Introduction


A nonprofit is an organization incorporated for charitable or educational purposes and from which its shareholders or trustees gain no benefit. Any benefit that a nonprofit organization obtains must be retained for its own expenses, operations, and programmes [1]. The major financial and economic constraints that were induced by the greatest global economic crisis from the middle of 2007 into 2008 led to a significant decline in overall international economic activity. Thus, nonprofit organizations are increasingly compelled to develop strategies to improve their effectiveness, sustainability, and competitive advantage in order to accomplish their financial and performance goals [2].



Performance evaluation is defined as the potential of a firm to successfully implement its strategies to achieve its objectives and targets [3]. Profit-oriented firms generally evaluate their performance based on financial measures. However, in the nonprofit context, the goal of the organization is most likely non-financial. Previous studies have focused on the effectiveness [1,4], marketing strategies [5], earnings management [6], performance [7], and financial performance measures [8] of nonprofit organizations. In sum, issues of nonprofit performance measurement form an important topic in the literature. Nonprofit organizations need to know how to manage their business strategies, because the success of a nonprofit organization depends on its performance management and business strategies. This study focuses on nonprofit national museums and examines how they can implement their promotional and marketing strategies more effectively in order to enhance their competitive advantage [9].



National museums are usually nonprofit organizations, and their purposes of research, education, and entertainment have led them to the collection, preservation, research, dissemination, and exhibition of physical evidence of humans and their environments [10,11]. Thus, national museums provide not only historical and cultural education, but also a wide range of educational and recreational opportunities [12,13]. Their revenue sources include self-operated museum shops, membership fees, educational courses, equipment and outdoor venue rentals, image copyrights, and fund-raising activities. Previous studies show that the performance evaluation of museums involves four major dimensions—exhibitions, educational programmes, research, and collections [13,14,15]. In recent years, several researchers have added entertainment to this list [16,17]. Therefore, in this study, we assume that museums are a typical leisure entertainment industry. To achieve and sustain their performance targets, museums must adjust their operational strategies and create more added value.



Basso, Casarin, and Funari [18] propose a quantitative model to evaluate the performance of museums based on data envelopment analysis (DEA) and balanced scorecard (BSC). In this contribution, they propose a new two-stage DEA-BSC model for museums. Furthermore, the methods of previous studies do not consider the interrelationship between criteria or a decision model that could simplify the evaluation process. Recently, Tsai and Lin [19] used the (decision-making trial and evaluation laboratory (DEMATEL) technique to explore the cause–effect relationships between the indicators and create an influential network relations map (INRM). However, since different types of national museums exist (such as history and culture, natural history and natural science, synthetic exhibitions, science and technique, and arts and craft museums), the study does not include gap analysis. Important issues have not been considered, for example, how to enhance the competitive advantage of national museums following the risks of competition from non-museums. Therefore, we extend their research to a more complete approach towards competitive advantage evaluation of national museums by utilizing a hybrid multiple criteria decision-making (MCDM) model [20].



In this study, we adopt a more complete approach towards competitive advantage evaluation of national museums by applying the hybrid MCDM model. This model combines the DEMATEL-based analytic network process (DANP) that finds the influential weights, and the modified VIKOR (VlšeKriterijumska Optimizacija I Kompromisno Resenje) method. This combined model can assess the competitive advantage of national museums in evaluation and ranking, as well as in improving and creating management and marketing strategies that reduce the gaps in the dimensions and criteria, enhance their competitive advantage, and satisfy the needs of visitors to encourage their return visits [20,21,22].



The remainder of this study is organized as follows. Section 2 briefly introduces the literature pertaining to the link of benefits, opportunity, costs, and risks are reviewed and the new hybrid MCDM evaluation model (which includes the DANP and modified VIKOR methods) and its application to building an evaluation model that can solve the problems of interdependence and feedback. Section 3 presents an empirical study of five different types of national museums and demonstrates the proposed model. This is followed by Section 4, with a discussion of the results and practical implications, creating business strategies for each national museum. The final section presents our conclusions, limitations, and recommendations for future study.




2. Evaluation Attributions Development for National Museums


The model of BOCR (namely, benefits, opportunity, costs, and risks) was first presented by Saaty [23]. The four dimensions of the model can account for every aspect that needs to be considered in an evaluation. Thus, the model can identify the best solution by combining the value of each strategy and analysing the relevant decision-making issues [24]. The model has been widely used in various fields, such as tablet PCs (Tsai & Chang, 2013), sustainable forest management [25], R&D project evaluation [26], and energy security [27]. This study develops a conceptual model that is useful for evaluating the competitive advantage of national museums, which we discuss in the following sub-sections.



2.1. Benefits (B)


The dimension of benefits in this study contributes to enhancing the values and benefits of national museums. In devising the benefits criteria, the following possible measurements are considered for national museums. Reputation and attractiveness (B1): when the satisfaction of visitors increases from the quality of service provided by the museum’s guides and service personnel and interesting exhibits, they would share such information with their relatives and friends, who might in turn gain the willingness to visit the museum, thus building the museum’s reputation and attractiveness [28]; ticket sales (B2): revenue earned by the museum when visitors purchase tickets to tour the museum [18,29]; number of visitors (B3): number of visitors touring the museum [13,18,30]; sales revenue from cultural and creative products (B4): revenue arising from sales of cultural and creative products via the museum’s physical and online shops [5,13,18]; revenue from promotional and cooperative education (B5): revenue arising from collaborating with schools and private enterprises for promotional and cooperative education [13,18]; revenue from site rent expense (experts suggestion) (B6): revenue from renting out sites within the museum to organizations for events; and, revenue from visitors taking part in activities and using facilities (B7): revenue from sales of tickets to visitors for experiencing various activities and using facilities [13].




2.2. Opportunity (O)


The dimension of opportunity in this study helps national museums to generate more competitive and creative offerings. In devising the opportunity criteria, the following possible measurements are considered for national museums. Archive development and performance of research (O1): archives development involves digitization and licensing, while research performance consists of achievements in terms of academic research and publications [13,31]; museum marketing with social media and mobile apps (O2): the museum establishes a “mobile museum” using social media and apps, to thereby improve the museum’s visibility, promote its unique features, and enhance people’s awareness of the museum [32,33,34]; preferential ticketing measures (O3): preferential ticketing measures are implemented for different visitor groups—for example different ticket discounts are applied for student pass holders, student organizations, and labour groups [18]; placement diversity, features, fun exhibitions (O4): the museum often introduces various diverse, interesting, and lively exhibitions and activities to increase visit motivation among potential visitors [35,36,37]; creative innovation and activities and facilities (O5): the museum innovates to create interesting activities and facilities [13,35,37]; design and generation of cultural and creative products (O6): the museum induces visitors to purchase new cultural and creative products by concentrating on the design of such products [13,33,38,39,40]; and, promotional marketing cooperation (O7): the museum enhances its competitiveness and revenue by forming strategic alliances with industry players from the same or different fields [41].




2.3. Costs (C)


The dimension of costs in this study tries to reduce the national museums’ relative costs. In devising the costs criteria, the following possible measurements are considered for national museums. Operating costs (C1): these expenditures include human resource costs, labour costs (service costs), training costs (costs of cooperative education and continuing education), and general and administrative expense [18]; storehouse administration costs (C2): the costs for managing relic storage, safety, constant temperature, and humidity control, and establishment of a storehouse management system [13,18]; design costs of cultural and creative products (C3): the costs incurred for conceptualization, design, tooling, packaging, and sales of cultural and creative products [18,39]; planning new exhibitions and activities costs (C4): the costs arising from new themed exhibitions and activities that are hosted by the museum [18]; and, planning visitors’ experiences, activities, and facilities costs (C5): the costs arising from planning visitors’ experiences, activities, and use of facilities [42].




2.4. Risks (R)


The dimension of risks in this study relates to decreasing the national museums’ uncertainty and environmental risks. In devising the risks criteria, the following possible measurements are considered for national museums. Competitive risks from non-museums (R1): competition from industry players, like tour factories and themed amusement parks [43]; safety of exhibition environment (R2): risks associated with the safety of the exhibition environment, control of constant temperature and humidity, as well as accidental damage to exhibits caused by visitors [37]; safety of museum’s borrowed and loaned exhibition items (R3): safety of the museum’s collections when they are loaned into (out of) an exhibition [37]; lack of protective cover (R4): exhibition of artefacts without protective covers [37]; and, archive storage and preservation measures (R5): setup of standard operating procedures to prevent negative impacts to collections from disaster and theft, condition maintenance and monitoring, record management, and inspection of building conditions [44].



Following literature reviews and pre-testing by experts with practical experience, we select the dimensions and criteria for evaluating the competitive advantage of national museums and confirm these important dimensions and criteria through ten expert interviews with national museum curators and national museum research fellows. Finally, we propose specific aspects for evaluating the competitive advantage of national museums.





3. Creating an Competitive Advantage Evaluation Model for National Museums


In this section, we use the hybrid MCDM model to create a hybrid evaluation method to address the interdependence and feedback problems of the dimensions/criteria and reduce the gap in each dimension and criterion [20,21]. Our evaluation procedure consists of four stages, as shown in Figure 1. The first stage presents the model’s concept and the problems of development through a review of the related theories and literature; the second stage builds an influential network relations map (INRM) using the decision-making trial and evaluation laboratory (DEMATEL) technique [19]; the third stage finds the influential weights using the DANP method; and, the final stage explains how to use the modified VIKOR (VlšeKriterijumska Optimizacija I Kompromisno Resenje) method and assess the competitive advantage of national museums in not only ranking and selection, but also in improving and creating management and marketing strategies that reduce the gap in each dimension and criterion, promote the competitive advantage of national museums, and satisfy the visitors’ needs and encourage their return visits. The sub-sections below provide detailed descriptions of each stage of the evaluation process.



3.1. Establishing Evaluation Indicators National Museums


Expert questionnaires based on the four principles of evaluation (i.e., benefits, opportunity, costs, and risks) are introduced to screen the dimension/criteria fit for the evaluation of national museums. A committee of experts comprising 15 professional experts from national museum fields, including those that were engaged as national museum curators, national museum research fellows, and academics, select 24 sub-criteria (Fifteen experts were selected. Since the important weights for both types of experts were considered equal, and to avoid bias, the study selected experts with both practical experience and academics who met the following conditions: (a) they held a managerial position at a national museum, and (b) they had a research background related to museum management). The descriptions of the dimension/criteria for the competitive advantage evaluation of national museums are listed in Section 2. In order to illustrate the subject approach, we analyse the following five different types of national museums, namely history and culture (i.e., National Museum of History, National Museum of Taiwan History, and National Museum of Prehistory), natural history and natural science (i.e., National Museum of Natural Science), synthesize exhibitions (i.e., National Taiwan Museum), science and technique (i.e., National Science and Technology Museum, National Science and Technology Museum), and arts and craft (i.e., National Taiwan Museum of Fine Arts).




3.2. Utilizing DANP to Find the Influential Weights of Indicators


This study uses the DEMATEL along with the DANP to establish a hybrid evaluation model that can address the interdependence and feedback problems of each of the dimensions and criteria. The DEMATEL technique is used to build an INRM, and DANP obtains the influential weights using the basic concept of analytic network process (ANP) [21]. The steps to find the influential weights of a DANP from a total-influential matrix are summarized in Appendix A [20,21,45].




3.3. Utilizing the Modified VIKOR and Improving Each National Museum


The VIKOR method was proposed by Opricovic [46]. The basic concept of the method is based on the compromised programming utilized in MCDM by comparing the measure of “closeness” to the “ideal” alternative [46,47]. The modified VIKOR uses the class distance function based on the concept of aspiration level and worst level solution, and orders the results [21,48]. Under the modified VIKOR method for the normalized class distance function, the preference is to be near the aspiration level and far from the worst level.



The modified VIKOR method consists of the following steps. Since this method is based on the concept of aspiration level and worst level, in order to check the best (aspiration level) and worst assessment criteria values, we need to shift from the ranking and selection when determining the most preferable approaches to performance improvement of the existing methods that are based on INRM. The second step is to calculate the mean group utility based on the sum of all individual criterion regrets (i.e., the average overall performance gap for each aspect and criterion, and strategies for reducing these gaps) and the maximal gap of an individual criterion for the priority of improvement, both overall and for each aspect. Thus, we use the basic concept of the modified VIKOR method as  rkj=|fj*−fkj|/|fj*−fj−|, representing the gap ratio by normalization scale (using the aspiration level fj* and worst value fj−) from aspiration level fj* to performance value rkj, to find the minimal average gaps Sk=Lkp=1=∑j=1m+nwjrkj for reducing the gap to zero and the maximal individual regret (gap) Rkj=Lkp=∞=maxj{wjrkj|j=1,2,…,n} for priority improvement based on INRM. The third step is to obtain the comprehensive/integrating indicators and sort the results so that decision makers can implement improvement strategies and reduce the competitiveness gaps in both overall performance and individual aspects of performance [21]. For the modified VIKOR procedures, see Appendix B.





4. Empirical Case Analysis for National Museums


In this section, we present an empirical study to illustrate the application of the proposed hybrid evaluation model to create management and marketing strategies that help national museum curators to understand how to improve museums and enhance their competitive advantage by reducing the gaps in visitor satisfaction and building effective museum management and marketing strategies. The four BOCR dimensions are taken as the framework to establish national museum evaluation indicators in this study. Using this research framework, we first extend Tsai and Lin [19] research to a more complete approach towards competitive advantage evaluation of national museums by utilizing a hybrid MCDM model. Then, utilizing the DANP, we obtain the influential weights of the dimensions/criteria using the basic concept of ANP, and utilizing the modified VIKOR method, we evaluate the performance of national museums and enhance their competitive advantage that is based on gap analysis. We illustrate our comprehensive analysis in the steps described below.



4.1. Find the Influential Weights (Dimensions/Criteria) of DANP Based on the DEMATEL


From Tsai and Lin [19] analysis results, they use the DEMATEL to confirm the influential relationships between the dimensions/criteria (see Figure 2) to obtain the most accurate influential weights. Because the DANP can solve the interdependence and feedback problems of each of the criteria [23], we structure the competitive advantage evaluation model using the DEMATEL technique, which is integrated with the DANP, to obtain the influential weights of the criteria. The DANP method allows for us to derive the local weights of the evaluation dimensions/criteria at their respective hierarchical level and global weights, thus helping us to understand the absolute weights of individual criteria across all the four dimensions.



We used the DANP method to determine the influential weights and calculate the dimension matrix TD (Table 1) and normalized dimension matrix TDnor (Table 2) from Equations (A1) and (A2). The unweighted supermatrix WC was obtained by transposing the normalized matrix TCnor, that is WC=(TCnor)’, as shown in Appendix C. The influential weights WC* of the DANP based on Equations (A2) through (A5) are shown in Appendix D. We obtained the influential weights of the DANP by limiting the power of the weighted supermatrix ( limφ→∞(WC*)φ) until it reached a steady state (see Appendix E).



From Appendix E, we identify the critical criteria of national museums for improving management and marketing strategies as the risks of competition from non-museums (R1) (WDANP = 0.094); operating costs (C1) (WDANP = 0.074); planning new exhibition and activities costs (C4) (WDANP = 0.056); planning visitors’ experiences, activities, and facilities costs (C5) (WDANP = 0.055); ticket sales (B2) (WDANP = 0.046); museum marketing with social media and mobile apps (O2) (WDANP = 0.045); and, creative innovation in activities and facilities (O5) (WDANP = 0.045). This implies that national museums provide new and different exhibitions, visitor experiences, facilities, and strategic alliances to increase their competitive advantage and have the greatest relative influence on all the criteria. Thus, it is important to assist national museum curators to formulate ideal business and marketing strategies. The lowest priority weights were for revenue from site rent expense (B6) (WDANP = 0.024) and archive development and research performance (O1) (WDANP = 0.016), implying that revenue from site rent expense and from archive development and research performance are the least influential criteria.




4.2. Using the Modified VIKOR to Evaluate Gaps of National Museums


The modified VIKOR method evaluates the performance of five different types of national museums (i.e., history and culture, natural history and science, synthesize exhibitions, science and technique, and arts and craft) based on the national museums’ performance questionnaire. The questionnaires used an 11-point scale ranging from 0 (very poor performance) to 10 (excellent performance), which is very unimportant or very bad ←0,1,2,…,9,10→ to very important or very good [20]. We believe that this study can help national museum curators to improve and manage their museums more effectively and satisfy visitors, such as to encourage return visits. The goal is to provide business and marketing strategies for curators to create effective business by reducing or eradicating the gaps in national museum service and achieving the aspiration levels.



Table 3 shows the performance matrix based on Equations (A6) and (A7), with the best value fj* and worst value fj−. The values of Sk and Qk obtained from Equations (B6) and (B7) are shown in Appendix D, while the value of Rk (with ν = 0.5) computed from Equation (B8) and the preference order of national museums’ ranking are given in Table 4. From the analysis results of the modified VIKOR (which postulates that ν = 0.5), we find that museum D (Rk=0.664)≻museum B (Rk=0.350)≻museum A (Rk=0.664)≻museum E (Rk=0.783)≻museum C (Rk=0.916), meaning that museum D (science and technique type) is superior to the other four museum types. Museum D is thus the most successful. From the empirical results, museum D should be the preferred choice because it has the best relative weights.



From Appendix F, the integration of performance index scores of museum A (type of history and culture) in DANP further demonstrates that the gap for the opportunity (O) dimension is 0.261 and that for the operating costs (C1) criteria is 0.074, constituting the largest gaps, which museum A should improve as a priority. The integration of performance index scores of museum B (natural history and natural science type) in DANP showed that the gap of the costs (C) dimension is 0.239 and that of the operating costs (C1) criteria is 0.067, constituting the largest gaps, which museum B should improve as a priority. The integration of performance index scores of museum C (synthesize exhibitions type) in DANP showed that the gap of the costs (C) dimension is 0.251 and that of the risks of competition from non-museums (R1) criteria is 0.094, constituting the largest gaps, where museum C should improve as a priority. The integration of performance index scores of museum D (science and technique type) in DANP showed that the gap of the benefits (B) dimension is 0.256 and that of the risks of competition from non-museums (R1) criteria is 0.064, constituting the largest gaps, which museum D should improve as a priority. The integration of performance index scores of museum E arts and craft type) in DANP showed that the gap of the opportunity (O) dimension is 0.199 and that of the risks of competition from non-museums (R1) criteria is 0.089, constituting the largest gaps, which museum E should improve as a priority. Thus, the priority for museums A, B, C, D, and E is to enhance their competitive advantage and increase their performance.




4.3. Discussions, Practical Implications, and Creating Improvement Strategies


We next define the indicators affecting the competitive advantage evaluation of national museums. The mutual relationships between the dimensions and criteria for the evaluation of national museum competitive advantage and their influential weights are also discussed to obtain a complete set of hybrid evaluation models for national museum curators to create competitive advantages. In the following, we discuss our empirical results. First, we extend Tsai and Lin [19] research to a more complete approach towards competitive advantage evaluation of national museums by utilizing a hybrid multiple criteria decision-making model.



Second, we use the DANP method to calculate the influential weights for each of the 24 criteria. As shown in Appendix F, the highest relative weights are the risks of competition from non-museums (R1); operating costs (C1); planning new exhibition and activities costs (C4); and, planning visitors’ experiences, activities, and facilities costs (C5), assessed at 0.094, 0.074, 0.056, and 0.055, respectively. This indicates that for national museums, more and different exhibitions, visitor experiences, facilities, and strategic alliances to increase competitive advantage have the greatest relative influence of all the criteria. The lowest priority weights are for revenue from site rent expense (B6) (0.024) and archive development and research performance (O1) (0.016). This indicates that revenue from site rent expense and from archive development and research performance are the least influential criteria. Opportunity (O) is the most influential dimension for national museum performance evaluation. Appendix F illustrates the priority of criterion improvement from top to bottom, where the improvement of the most influential criteria has the best effect. The priority of dimensions and criteria for improvement should be considered along with the INRM to reduce the gaps and meet visitors’ needs. Improving the different criteria can strongly influence the results directly and indirectly.



Third, as for competitive advantage evaluation of national museums, we use the modified VIKOR method to evaluate the competitive advantage of five different types of national museums. From the results, museum D (science and technique type) has the best scores from Rk value (see Table 4). This has advantages in ticket sales (7.400); revenue from visitors taking part in activities and using facilities (7.933); placement diversity, features, and fun exhibitions (7.933); and, creative innovation in activities and facilities (7.933) (see Appendix F).



Finally, from the gap analysis results (see Appendix F), we can create management and marketing strategies for all the national museums to enhance their competitive advantage, as summarized below.



Museum A (history and culture type). The priority index for improving the dimensions includes opportunity (O) and risks (R), and that for improving the criteria includes C1, O5, B7, R5, R3, C3, B2, R4, R2, C2, B5, C4, B6, O3, O4, and C5. Thus, museum A can reduce its operational costs and maintain operational management; it can also reduce the risk of accidental damage to exhibition items and thus enhance its overall safety precautions and provide more exhibitions, visitor experiences, and features to increase its competitive advantage and have the greatest relative influence of all the criteria.



Museum B (natural history and natural science type). The priority index for improving the dimensions includes costs (C) and opportunity (O), and that for improving the criteria includes C1, O5, O7, O6, B2, B4, C5, R3, B7, C2, B1, O3, R1, R5, R4, O4, and O2. Thus, museum B can reduce its operational costs and maintain operational management; it can also provide more and different exhibitions, visitor experiences, facilities, and strategic alliances, and enhance its exhibitions, activities, and facilities to attract more visitors; furthermore, it can create more fun features and mementoes of cultural and creative products to attract visitor purchases or improve the sales revenue from cultural and creative products and increase their competitive advantage and have the greatest relative influence of all the criteria.



Museum C (synthesize exhibitions type). The priority index for improving the dimensions includes costs (C), benefits (B), opportunity (O), and risks (R), and that for improving the criteria includes R1, B2, O2, O4, B1, B3, O6, B5, B7, B4, O7, O1, and O5. Thus, museum C must provide more and different exhibitions, visitor experiences, facilities, and strategic alliances; it could also enhance its exhibitions, activities, and facilities to attract more visitors; museum C could establish a “mobile museum” while using social media (e.g., Facebook, Twitter, LinkedIn, Google+, and YouTube) and apps, and thereby improve its visibility, promote its unique features, and enhance visitor awareness of the museum; museum C could increase its collaboration with schools and private enterprises for promotional and cooperative education and expend more effort in updating experiences and facilities for revenue growth and maintain visitor loyalty and increase revenue from promotional and cooperative education; museum C could create more fun features and cultural and creative product mementoes and attract visitor purchases or improve sales revenue from cultural and creative products and increase their competitive advantage and have the greatest relative influence of all the criteria.



Museum D (science and technique type). The priority index for improving the dimensions includes costs (C), benefits (B), and risks (R), and that for improving the criteria includes R1, C4, C5, C1, O3, B7, O6, B1, and O7. Thus, museum D could be facilitated by increasing revenue from new themed exhibitions, visitor experiences, and facilities that are hosted by the museum to attract visitors and strategic alliances to increase its competitive advantage; museum D could reduce operational costs and maintain operational management to improve its operating costs; museum D could motivate visitors to purchase new cultural and creative products by concentrating on the design of such products and create preferential ticketing measures for different visitor groups and attract most visitors; museum D curators could establish business and marketing strategies through fun activities and facilities, interesting exhibitions, and museum guides and service personnel to persuade visitors to purchase tickets and thus increase the museum’s reputation and attractiveness and their competitive advantage and have the greatest relative influence of all the criteria.



Museum E (arts and craft type). The priority index for improving the dimensions includes opportunity (O), risks (R), costs (C), and benefits (B), and that for improving the criteria includes R1, O7, C1, B5, O5, C3, R5, R3, B1, C5, O2, R4, C4, C2, O4, B6, B2, B7, O6, B3, O1, and R2. Thus, museum E could motivate visitors to purchase new cultural and creative products by concentrating on the design of such products and enhancing its competitiveness and revenue by forming strategic alliances with industry players from the same or different fields; museum E could be facilitated by increasing revenue from new themed exhibitions and activities that are hosted by the museum to attract visitors and managing relic storage costs, safety, and constant temperature and humidity control via a storehouse management system, as well as by creating cultural and creative products with unique features to increase visitor purchases and planning visitors’ experiences, activities, and use of facilities; museum E could rent out sites within the museum to organizations for events and improve revenue from site rent; museum E could increase collaboration with schools and private enterprises for promotional and cooperative education and expend more effort in updating experience activities and facilities for revenue growth and maintain visitor loyalty and increase revenue from promotional and cooperative education and from visitors taking part in activities and using facilities; museum E could create more fun features and mementoes of cultural and creative products to attract visitor purchases and improve sales revenue from cultural and creative products to increase their competitive advantage and they have the greatest relative influence of all the criteria.



In summary, the study develops and creates a hybrid evaluation model for national museums. This is a good reference for the five different types of national museums’ curators to form competitive strategies.





5. Conclusions


The purpose of this study is to define the indicators affecting the evaluation of competitive advantage of national museums to help curators create their management and marketing strategies. We also discuss the mutual relationships between the evaluation dimensions and criteria and their relative weights in order to provide curators with a complete set of hybrid evaluation models to create competitive advantages. This study has presented a hybrid evaluation model that can use the criteria of influential weights ANP and integrate them with the DEMATEL technique (DANP) to solve the interdependence and feedback problems of national museum criteria and to create the INRM. The modified VIKOR method sets the best values as the aspiration level and the worst values as the tolerable level for all dimensions, thus enabling museum curators to reduce the gaps in reaching their aspiration levels.



The main contributions of this study are fourfold. First, the evaluation of improvement in the national museums’ business and marketing strategies is a decision-making problem involving dependence and interaction dimensions/criteria. This study reviewed the literature and used face-to-face interviews with national museum curators to create four BOCR dimensions and 24 criteria with which to evaluate the performance of national museums for curators to create their own competitive strategies. Second, we used the DEMATEL technique in conjunction with the DANP to create an INRM and influential weights of criteria with the modified VIKOR and ascertain the gaps in five different types of national museums and discover how to improve them. The hybrid evaluation model not only handles the interaction and dependence problems within a set of dimensions and criteria, but also produces more valuable information with which to create a visual cause-and-effect diagram for decision making. Third, the findings indicate that the evaluation results are valid. An analysis of the evaluation results can provide guidance to national museum curators on the critical dimensions/criteria to create and improve their business and marketing strategies. Finally, national museum curators can use the gap analysis results to create new business and marketing strategies for all types of national museums and to enhance their competitive advantage.



This study has some limitations. The evaluation dimensions/criteria were selected from a review of the literature on museum performance evaluation and expert opinions. Other approaches, such as longitudinal studies, should have been used to identify other possible dimensions/criteria. Future studies could use complex proportional assessment with the Grey relations (COPRAS-G) method [49] to evaluate and compare the performance of national museums and private museums. We believe that this study can enhance the efficiency of national museums’ business and marketing strategies. Our findings should help curators decide on how to implement their museum business and marketing strategies more effectively and to enhance their museum’s competitive advantage.
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Appendix A. DANP Method


DANP method can be described into following steps:



Step 1. Finding the normalized total-influential matrix TDnor



The total-influential matrix TD is normalized by dividing it by the following equations:


tDi=∑j=1mtDij TD=[tD11⋯tD1j⋯tD1m⋮⋮⋮tDi1tDijtDim⋮⋮⋮tDm1⋯tDmj⋯tDmm]→ ∑j=1mtD1j=tD1→ ∑j=1mtDij=tDi→ ∑j=1mtDmj=tDm 



(A1)







Thus, the total-influential matrix can be normalized and presented as TDnor. Now, the sum of each row can be defined as tDi=∑j=1mtDij, where i=1,…,m and TD can be normalized by the sum of the rows by dividing the elements in each row by the sum of the row, as in Equation (A1). Thus, the total-influential matrix TD can be normalized and represented as TDnor. Note that TDnor=[tDijtDi]m×m, as in Equation (A2). Then, each row of the normalized TDnor can be summed to equal 1, so that ∑j=1mtDnorij=1.


TDnor=[tD11/tD1⋯tD1j/tD1⋯tD1m/tD1⋮⋮⋮⋮⋮tDi1/tDi⋯tDij/tDi⋯tDim/tDi⋮⋮⋮⋮⋮tDm1/tDm⋯tDmj/tDm⋯tDmm/tDm]=[tDnor11⋯tDnor1j⋯tDnor1m⋮⋮⋮⋮⋮tDnori1⋯tDnorij⋯tDnorim⋮⋮⋮⋮⋮tDnorm1⋯tDnormj⋯tDnormm]



(A2)







Step 2. Finding the normalized matrix TCnor by dimensions and clusters



By normalizing TC with the total degree of effect and influence of the dimensions and clusters, we obtain TCnor, as shown in Equation (A3):


Tcnor=D1c11⋯c1n1⋯⋯Djcj1⋯cjnj⋯⋯Dmcm1⋯cmnmD1DiDmc11c12⋮c1n1⋮ci1ci2⋮cini⋮cm1cm2⋮cmnm[Tcnor11⋯  Tcnor1j⋯  Tcnor1m⋮⋮⋮Tcnori1⋯  Tcnorij⋯  Tcnorim⋮⋮⋮Tcnorm1⋯  Tcnormj⋯  Tcnormm]



(A3)







Step 3. Building an unweighted supermatrix, WC



By normalizing the total-influential matrix into a supermatrix based on the interdependence between the relationship of the dimensions and clusters, we obtain an unweighted supermatrix, WC, as shown in Equation (A4):


Wc=(Tcnor)′=D1c11…c1n1⋯Djcm1…cmnm⋯Dmcj1…cjnjD1DiDmc11⋮c1n1⋮ci1⋮cini⋮cm1⋮cmnm[Wc11⋯  Wci1⋯  Wcm1⋮⋮⋮Wc1j⋯  Wcij⋯  Wcmj⋮⋮⋮Wc1m⋯  Wcim⋯ Wcmm ]



(A4)







The unweighted supermatrix WC is the matrix transposed from TCnor, which is the basic concept of Saaty’s (1996) ANP, and differs from the traditional ANP. If a blank or 0 is seen in the matrix, the dimensions and criteria are independent.



Step 4. Finding the influential weights of the DANP



The total-influential matrix TC can be normalized by dividing the dimensions and clusters (Equation (A3)). Thus, TC can be normalized by summarizing the row by dimension and cluster to obtain TCnor. The unweighted supermatrix WC can be obtained by transposing TCnor, that is WC=(TCnor)’. From Equation (A5), the weighted supermatrix WC*, which improves the traditional ANP by using equal weight to make it appropriate for the real world, can be obtained as the product of TCnor and WC, that is WC*=TDnorWC (Equation (A5)). This demonstrates that influential level values form the basis of normalization to determine a weighted supermatrix.


Wc*=TDnorWc=[tDnor11×Wc11⋯tDnor1i×Wci1⋯tDnorm1×Wcm1⋮⋯⋮tDnor1j×Wc1j⋯tDnorij×Wcij⋯tDnormj×Wcmj⋮⋮⋮tDnor1m×Wc1m⋯tDnorim×Wcim⋯tDnormm×Wcmm] 



(A5)







Step 5. Obtaining the DANP



A weighted supermatrix can be limited by raising it to a sufficiently large power φ until it converges and becomes a long-term stable supermatrix, to obtain a global priority vector, which defines the influential weights w=(w1,…,wj,…wn) from limφ→∞(WC*)φ for the criteria.




Appendix B. Modified VIKOR Method


The compromise ranking algorithm is summarized, as follows (Chen et al., 2015; Lu et al., 2015):



Step 1: Determine the positive- and negative-ideal solutions. Determine the best value fj* and worst value fj− of the assessment criteria for the quality factors. Here, fj* represents the positive-ideal point, meaning that experts score this as the best value (aspired level) for each criterion; in contrast, fj− represents the negative-ideal point, implying that experts assign this as the worst value for each criterion. These results are obtained using Equations (A6) and (A7).


fj*=maxkfkj, j=1,2,…,n (traditional approach)or setting the aspired levels, vector f*=(f1*,f2*,…,fn*) 



(A6)






fj−=minkfkj, j=1,2,…,n (traditional approach)or setting the worst levels, vector f−=(f1−,f2−,…,fn−),



(A7)




where fj* is a positive-ideal point, representing the best values (aspiration level), and fj− is a negative-ideal point, representing the worst values, for each criterion. We set the aspired level as fj*=10 and the worst value as fj−=0 (from very unimportant or very bad ←0,1,2,…,9,10→ to very important or very good), in contrast to the traditional approach, which sets fj*=maxkfkj and fj−=minkfkj. This allows us to avoid “choosing the best among inferior options/alternatives (i.e., avoid picking the best apple from among a barrel of rotten apples)”.



Step 2: Calculate the mean group utility Sk for the gap and maximal gap Qk for prioritizing improvement. We begin development of the modified VIKOR method with the following form of the LP_metric:


Lkp={∑j=1n[wj(|fj*−fkj|)/(|fj*−fj−|)]p}1p, 



(A8)




where 1≤p≤∞;k=1,2,…,m; we then derive the influential weight wj from the DANP. The VIKOR uses Lkp=1(asSk) and Lkp=∞(asQk) to formulate the ranking and gap measure.


Sk=Lkp=1=∑j=1n[wj|fj*−fkj|/|fj*−fj−|], 



(A9)






Qk=Lkp=∞=maxj{|fj*−fkj|/|fj*−fj−||j=1,2,…,n}. 



(A10)







We define rkj=|fj*−fkj|/|fj*−fj−| as the gap ratio of alternative k for criterion j. While compromise solution minkLKP shows the synthesized/aggregated gap ratio that can be minimized while using Equation (B5), LKP=∞ indicates which alternative will be the improvement priority, that is which one has the maximum gap ratio of the criteria in each dimension or criterion. Here, represents the influential weights of the criteria obtained from DANP and represents the ratios of distance to the aspired/worst value. For calculating the means of group utility and maximal regret, we compute these gap values using Equations (A11) and (A12).


Sk=∑j=1nwjrkj=∑j=1nwj|fj*−fkj|/|fj*−fj−|, 



(A11)






Qk=maxj{rkj|j=1,2,⋯,n}. 



(A12)







Step 3: Obtain the comprehensive indicator Rk. To obtain the comprehensive indicator Rk and the sorting results, compute the values using Equation (A13).


Rk=v(Sk−S*)/(S−−S*)+(1−v)(Qk−Q*)/(Q−−Q*). 



(A13)







These values are derived from S*=minkSk, or by setting S*=0 (the aspired level); S−=maxkSk, or by setting S−=1 (the worst situation); Q*=minkQk, or by setting Q*=o (the aspired level); and, Q−=maxkQk, or by setting Q−=1 (the worst situation). Therefore, when S*=0 and S−=1, or Q*=o and Q−=1, we can re-write Equation (A13) as Rk=vSk+(1−v)Qk. If v=1 indicates the consideration of the average gap weight, then v=0 represents the consideration of the maximum gap for improvement priority. Generally, we can set v=0.5, but this can be adjusted on the basis of expert opinion.
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Table A1. The unweighted supermatrix WC.
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Criteria

	
Benefits (B)

	
Opportunity (O)

	
Costs (C)

	
Risks (R)




	
B1

	
B2

	
B3

	
B4

	
B5

	
B6

	
B7

	
O1

	
O2

	
O3

	
O4

	
O5

	
O6

	
O7

	
C1

	
C2

	
C3

	
C4

	
C5

	
R1

	
R2

	
R3

	
R4

	
R5






	
B1

	
0.109

	
0.162

	
0.160

	
0.166

	
0.158

	
0.145

	
0.164

	
0.199

	
0.157

	
0.148

	
0.162

	
0.161

	
0.165

	
0.150

	
0.150

	
0.193

	
0.146

	
0.150

	
0.148

	
0.154

	
0.177

	
0.192

	
0.194

	
0.236




	
B2

	
0.184

	
0.128

	
0.190

	
0.196

	
0.207

	
0.209

	
0.199

	
0.173

	
0.171

	
0.178

	
0.174

	
0.175

	
0.167

	
0.173

	
0.191

	
0.217

	
0.176

	
0.181

	
0.174

	
0.169

	
0.171

	
0.171

	
0.183

	
0.176




	
B3

	
0.180

	
0.184

	
0.114

	
0.167

	
0.164

	
0.149

	
0.151

	
0.165

	
0.160

	
0.169

	
0.164

	
0.168

	
0.148

	
0.164

	
0.163

	
0.166

	
0.154

	
0.163

	
0.156

	
0.159

	
0.160

	
0.165

	
0.160

	
0.160




	
B4

	
0.132

	
0.149

	
0.153

	
0.102

	
0.136

	
0.146

	
0.131

	
0.117

	
0.136

	
0.124

	
0.125

	
0.114

	
0.189

	
0.124

	
0.122

	
0.114

	
0.195

	
0.117

	
0.107

	
0.131

	
0.109

	
0.123

	
0.116

	
0.113




	
B5

	
0.140

	
0.129

	
0.129

	
0.136

	
0.090

	
0.137

	
0.149

	
0.140

	
0.131

	
0.126

	
0.127

	
0.121

	
0.115

	
0.132

	
0.125

	
0.117

	
0.115

	
0.138

	
0.138

	
0.131

	
0.133

	
0.124

	
0.126

	
0.117




	
B6

	
0.097

	
0.097

	
0.095

	
0.090

	
0.093

	
0.064

	
0.094

	
0.083

	
0.097

	
0.096

	
0.093

	
0.091

	
0.083

	
0.113

	
0.105

	
0.076

	
0.085

	
0.092

	
0.092

	
0.113

	
0.103

	
0.083

	
0.086

	
0.078




	
B7

	
0.158

	
0.150

	
0.159

	
0.144

	
0.152

	
0.150

	
0.112

	
0.123

	
0.147

	
0.159

	
0.154

	
0.171

	
0.134

	
0.143

	
0.143

	
0.117

	
0.130

	
0.158

	
0.185

	
0.143

	
0.146

	
0.142

	
0.135

	
0.120




	
O1

	
0.061

	
0.057

	
0.058

	
0.063

	
0.063

	
0.059

	
0.056

	
0.042

	
0.050

	
0.050

	
0.061

	
0.047

	
0.052

	
0.049

	
0.081

	
0.157

	
0.051

	
0.057

	
0.041

	
0.039

	
0.063

	
0.062

	
0.058

	
0.108




	
O2

	
0.159

	
0.151

	
0.160

	
0.159

	
0.159

	
0.149

	
0.159

	
0.175

	
0.119

	
0.198

	
0.192

	
0.206

	
0.239

	
0.205

	
0.173

	
0.147

	
0.159

	
0.171

	
0.177

	
0.177

	
0.166

	
0.175

	
0.167

	
0.155




	
O3

	
0.128

	
0.132

	
0.133

	
0.109

	
0.119

	
0.123

	
0.114

	
0.094

	
0.151

	
0.101

	
0.122

	
0.131

	
0.111

	
0.137

	
0.132

	
0.102

	
0.091

	
0.145

	
0.149

	
0.141

	
0.119

	
0.107

	
0.117

	
0.095




	
O4

	
0.160

	
0.161

	
0.159

	
0.138

	
0.163

	
0.151

	
0.160

	
0.173

	
0.169

	
0.149

	
0.112

	
0.164

	
0.141

	
0.164

	
0.162

	
0.152

	
0.142

	
0.170

	
0.161

	
0.151

	
0.182

	
0.173

	
0.190

	
0.186




	
O5

	
0.167

	
0.169

	
0.169

	
0.158

	
0.163

	
0.161

	
0.214

	
0.163

	
0.171

	
0.150

	
0.184

	
0.129

	
0.169

	
0.164

	
0.174

	
0.153

	
0.154

	
0.186

	
0.205

	
0.170

	
0.197

	
0.181

	
0.192

	
0.191




	
O6

	
0.157

	
0.158

	
0.154

	
0.221

	
0.145

	
0.154

	
0.142

	
0.162

	
0.150

	
0.132

	
0.152

	
0.149

	
0.124

	
0.164

	
0.156

	
0.154

	
0.266

	
0.142

	
0.141

	
0.156

	
0.135

	
0.142

	
0.118

	
0.127




	
O7

	
0.168

	
0.173

	
0.165

	
0.152

	
0.189

	
0.204

	
0.155

	
0.192

	
0.189

	
0.220

	
0.178

	
0.174

	
0.164

	
0.116

	
0.122

	
0.134

	
0.138

	
0.129

	
0.125

	
0.166

	
0.139

	
0.160

	
0.158

	
0.137




	
C1

	
0.267

	
0.288

	
0.269

	
0.281

	
0.308

	
0.331

	
0.292

	
0.276

	
0.284

	
0.322

	
0.316

	
0.299

	
0.290

	
0.263

	
0.199

	
0.387

	
0.391

	
0.336

	
0.349

	
0.296

	
0.286

	
0.259

	
0.272

	
0.305




	
C2

	
0.126

	
0.150

	
0.130

	
0.116

	
0.131

	
0.130

	
0.100

	
0.141

	
0.097

	
0.100

	
0.091

	
0.082

	
0.109

	
0.083

	
0.177

	
0.090

	
0.091

	
0.094

	
0.097

	
0.082

	
0.150

	
0.202

	
0.173

	
0.283




	
C3

	
0.157

	
0.147

	
0.157

	
0.253

	
0.153

	
0.139

	
0.122

	
0.165

	
0.157

	
0.125

	
0.142

	
0.118

	
0.260

	
0.177

	
0.142

	
0.092

	
0.120

	
0.139

	
0.135

	
0.143

	
0.088

	
0.085

	
0.084

	
0.077




	
C4

	
0.229

	
0.208

	
0.222

	
0.187

	
0.204

	
0.194

	
0.204

	
0.230

	
0.246

	
0.238

	
0.244

	
0.220

	
0.179

	
0.247

	
0.243

	
0.238

	
0.204

	
0.169

	
0.243

	
0.240

	
0.238

	
0.232

	
0.248

	
0.172




	
C5

	
0.221

	
0.207

	
0.221

	
0.163

	
0.204

	
0.206

	
0.282

	
0.187

	
0.216

	
0.215

	
0.206

	
0.282

	
0.161

	
0.231

	
0.239

	
0.193

	
0.194

	
0.261

	
0.175

	
0.239

	
0.238

	
0.223

	
0.223

	
0.162




	
R1

	
0.363

	
0.433

	
0.343

	
0.512

	
0.493

	
0.503

	
0.460

	
0.415

	
0.489

	
0.525

	
0.460

	
0.502

	
0.569

	
0.572

	
0.319

	
0.220

	
0.515

	
0.357

	
0.348

	
0.354

	
0.241

	
0.270

	
0.275

	
0.244




	
R2

	
0.120

	
0.141

	
0.156

	
0.118

	
0.128

	
0.126

	
0.137

	
0.108

	
0.127

	
0.130

	
0.148

	
0.133

	
0.104

	
0.120

	
0.173

	
0.113

	
0.117

	
0.164

	
0.170

	
0.163

	
0.073

	
0.121

	
0.103

	
0.123




	
R3

	
0.169

	
0.135

	
0.160

	
0.126

	
0.129

	
0.125

	
0.139

	
0.151

	
0.132

	
0.117

	
0.113

	
0.123

	
0.111

	
0.105

	
0.176

	
0.226

	
0.131

	
0.193

	
0.185

	
0.164

	
0.221

	
0.091

	
0.269

	
0.255




	
R4

	
0.175

	
0.134

	
0.170

	
0.116

	
0.119

	
0.117

	
0.127

	
0.128

	
0.129

	
0.114

	
0.151

	
0.120

	
0.104

	
0.100

	
0.141

	
0.150

	
0.113

	
0.145

	
0.147

	
0.157

	
0.234

	
0.263

	
0.088

	
0.288




	
R5

	
0.172

	
0.157

	
0.171

	
0.128

	
0.132

	
0.129

	
0.137

	
0.197

	
0.123

	
0.113

	
0.127

	
0.122

	
0.113

	
0.103

	
0.190

	
0.291

	
0.125

	
0.141

	
0.150

	
0.162

	
0.231

	
0.255

	
0.264

	
0.091
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Table A2. The weighted supermatrix WC*.
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Criteria

	
Benefits (B)

	
Opportunity (O)

	
Costs (C)

	
Risks (R)




	
B1

	
B2

	
B3

	
B4

	
B5

	
B6

	
B7

	
O1

	
O2

	
O3

	
O4

	
O5

	
O6

	
O7

	
C1

	
C2

	
C3

	
C4

	
C5

	
R1

	
R2

	
R3

	
R4

	
R5






	
B1

	
0.026

	
0.039

	
0.038

	
0.040

	
0.038

	
0.035

	
0.039

	
0.053

	
0.042

	
0.040

	
0.043

	
0.043

	
0.044

	
0.040

	
0.039

	
0.050

	
0.038

	
0.039

	
0.038

	
0.040

	
0.046

	
0.050

	
0.051

	
0.062




	
B2

	
0.044

	
0.031

	
0.045

	
0.047

	
0.049

	
0.050

	
0.047

	
0.046

	
0.046

	
0.048

	
0.047

	
0.047

	
0.045

	
0.046

	
0.050

	
0.056

	
0.046

	
0.047

	
0.045

	
0.044

	
0.045

	
0.045

	
0.048

	
0.046




	
B3

	
0.043

	
0.044

	
0.027

	
0.040

	
0.039

	
0.036

	
0.036

	
0.044

	
0.043

	
0.045

	
0.044

	
0.045

	
0.040

	
0.044

	
0.042

	
0.043

	
0.040

	
0.042

	
0.041

	
0.042

	
0.042

	
0.043

	
0.042

	
0.042




	
B4

	
0.031

	
0.035

	
0.037

	
0.024

	
0.032

	
0.035

	
0.031

	
0.031

	
0.036

	
0.033

	
0.033

	
0.030

	
0.051

	
0.033

	
0.032

	
0.030

	
0.050

	
0.030

	
0.028

	
0.034

	
0.029

	
0.032

	
0.030

	
0.029




	
B5

	
0.033

	
0.031

	
0.031

	
0.032

	
0.022

	
0.033

	
0.036

	
0.037

	
0.035

	
0.034

	
0.034

	
0.032

	
0.031

	
0.035

	
0.032

	
0.030

	
0.030

	
0.036

	
0.036

	
0.034

	
0.035

	
0.032

	
0.033

	
0.030




	
B6

	
0.023

	
0.023

	
0.023

	
0.022

	
0.022

	
0.015

	
0.023

	
0.022

	
0.026

	
0.026

	
0.025

	
0.024

	
0.022

	
0.030

	
0.027

	
0.020

	
0.022

	
0.024

	
0.024

	
0.029

	
0.027

	
0.022

	
0.023

	
0.020




	
B7

	
0.038

	
0.036

	
0.038

	
0.034

	
0.036

	
0.036

	
0.027

	
0.033

	
0.039

	
0.043

	
0.041

	
0.046

	
0.036

	
0.038

	
0.037

	
0.030

	
0.034

	
0.041

	
0.048

	
0.037

	
0.038

	
0.037

	
0.035

	
0.031




	
O1

	
0.016

	
0.015

	
0.015

	
0.017

	
0.017

	
0.016

	
0.015

	
0.010

	
0.012

	
0.012

	
0.015

	
0.011

	
0.013

	
0.012

	
0.022

	
0.042

	
0.014

	
0.015

	
0.011

	
0.010

	
0.017

	
0.017

	
0.016

	
0.029




	
O2

	
0.042

	
0.040

	
0.042

	
0.042

	
0.042

	
0.039

	
0.042

	
0.042

	
0.029

	
0.048

	
0.047

	
0.050

	
0.058

	
0.050

	
0.047

	
0.040

	
0.043

	
0.046

	
0.048

	
0.047

	
0.044

	
0.047

	
0.045

	
0.041




	
O3

	
0.034

	
0.035

	
0.035

	
0.029

	
0.031

	
0.032

	
0.030

	
0.023

	
0.037

	
0.025

	
0.030

	
0.032

	
0.027

	
0.033

	
0.036

	
0.028

	
0.025

	
0.039

	
0.040

	
0.038

	
0.032

	
0.029

	
0.031

	
0.025




	
O4

	
0.042

	
0.042

	
0.042

	
0.036

	
0.043

	
0.040

	
0.042

	
0.042

	
0.041

	
0.036

	
0.027

	
0.040

	
0.034

	
0.040

	
0.044

	
0.041

	
0.038

	
0.046

	
0.044

	
0.040

	
0.049

	
0.046

	
0.051

	
0.050




	
O5

	
0.044

	
0.045

	
0.045

	
0.042

	
0.043

	
0.042

	
0.056

	
0.040

	
0.042

	
0.037

	
0.045

	
0.031

	
0.041

	
0.040

	
0.047

	
0.041

	
0.041

	
0.050

	
0.055

	
0.045

	
0.053

	
0.048

	
0.051

	
0.051




	
O6

	
0.041

	
0.042

	
0.041

	
0.058

	
0.038

	
0.041

	
0.037

	
0.039

	
0.036

	
0.032

	
0.037

	
0.036

	
0.030

	
0.040

	
0.042

	
0.042

	
0.072

	
0.038

	
0.038

	
0.042

	
0.036

	
0.038

	
0.031

	
0.034




	
O7

	
0.044

	
0.046

	
0.044

	
0.040

	
0.050

	
0.054

	
0.041

	
0.047

	
0.046

	
0.053

	
0.043

	
0.042

	
0.040

	
0.028

	
0.033

	
0.036

	
0.037

	
0.035

	
0.034

	
0.044

	
0.037

	
0.043

	
0.042

	
0.036




	
C1

	
0.069

	
0.075

	
0.070

	
0.073

	
0.080

	
0.086

	
0.076

	
0.070

	
0.072

	
0.082

	
0.080

	
0.076

	
0.074

	
0.067

	
0.047

	
0.090

	
0.091

	
0.079

	
0.082

	
0.076

	
0.073

	
0.066

	
0.070

	
0.078




	
C2

	
0.033

	
0.039

	
0.034

	
0.030

	
0.034

	
0.034

	
0.026

	
0.036

	
0.025

	
0.025

	
0.023

	
0.021

	
0.028

	
0.021

	
0.041

	
0.021

	
0.021

	
0.022

	
0.023

	
0.021

	
0.038

	
0.052

	
0.044

	
0.072




	
C3

	
0.041

	
0.038

	
0.041

	
0.066

	
0.040

	
0.036

	
0.031

	
0.042

	
0.040

	
0.032

	
0.036

	
0.030

	
0.066

	
0.045

	
0.033

	
0.022

	
0.028

	
0.032

	
0.032

	
0.037

	
0.022

	
0.022

	
0.021

	
0.020




	
C4

	
0.059

	
0.054

	
0.058

	
0.048

	
0.053

	
0.050

	
0.053

	
0.058

	
0.062

	
0.060

	
0.062

	
0.056

	
0.046

	
0.063

	
0.057

	
0.056

	
0.048

	
0.039

	
0.057

	
0.061

	
0.061

	
0.059

	
0.063

	
0.044




	
C5

	
0.057

	
0.054

	
0.057

	
0.042

	
0.053

	
0.053

	
0.073

	
0.047

	
0.055

	
0.055

	
0.052

	
0.071

	
0.041

	
0.059

	
0.056

	
0.045

	
0.045

	
0.061

	
0.041

	
0.061

	
0.061

	
0.057

	
0.057

	
0.041




	
R1

	
0.087

	
0.103

	
0.082

	
0.122

	
0.118

	
0.120

	
0.110

	
0.098

	
0.115

	
0.124

	
0.108

	
0.118

	
0.134

	
0.135

	
0.076

	
0.052

	
0.122

	
0.085

	
0.083

	
0.077

	
0.052

	
0.058

	
0.060

	
0.053




	
R2

	
0.029

	
0.034

	
0.037

	
0.028

	
0.031

	
0.030

	
0.033

	
0.025

	
0.030

	
0.031

	
0.035

	
0.031

	
0.024

	
0.028

	
0.041

	
0.027

	
0.028

	
0.039

	
0.040

	
0.035

	
0.016

	
0.026

	
0.022

	
0.027




	
R3

	
0.040

	
0.032

	
0.038

	
0.030

	
0.031

	
0.030

	
0.033

	
0.036

	
0.031

	
0.028

	
0.027

	
0.029

	
0.026

	
0.025

	
0.042

	
0.054

	
0.031

	
0.046

	
0.044

	
0.036

	
0.048

	
0.020

	
0.058

	
0.055




	
R4

	
0.042

	
0.032

	
0.041

	
0.028

	
0.028

	
0.028

	
0.030

	
0.030

	
0.030

	
0.027

	
0.036

	
0.028

	
0.024

	
0.024

	
0.034

	
0.036

	
0.027

	
0.034

	
0.035

	
0.034

	
0.051

	
0.057

	
0.019

	
0.062




	
R5

	
0.041

	
0.038

	
0.041

	
0.031

	
0.031

	
0.031

	
0.033

	
0.046

	
0.029

	
0.027

	
0.030

	
0.029

	
0.027

	
0.024

	
0.045

	
0.069

	
0.030

	
0.034

	
0.036

	
0.035

	
0.050

	
0.055

	
0.057

	
0.020
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Table A3. Influential weights by stable matrix of DANP when power limφ→∞(WC*)φ.






Table A3. Influential weights by stable matrix of DANP when power limφ→∞(WC*)φ.





	
Criteria

	
Benefits (B)

	
Opportunity (O)

	
Costs (C)

	
Risks (R)




	
B1

	
B2

	
B3

	
B4

	
B5

	
B6

	
B7

	
O1

	
O2

	
O3

	
O4

	
O5

	
O6

	
O7

	
C1

	
C2

	
C3

	
C4

	
C5

	
R1

	
R2

	
R3

	
R4

	
R5






	
B1

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041




	
B2

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046

	
0.046




	
B3

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041




	
B4

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033




	
B5

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033




	
B6

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024

	
0.024




	
B7

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038

	
0.038




	
O1

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016

	
0.016




	
O2

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045




	
O3

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033

	
0.033




	
O4

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042

	
0.042




	
O5

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045

	
0.045




	
O6

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040

	
0.040




	
O7

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041

	
0.041




	
C1

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074

	
0.074




	
C2

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031

	
0.031




	
C3

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035

	
0.035




	
C4

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056

	
0.056




	
C5

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055

	
0.055




	
R1

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094

	
0.094




	
R2

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032

	
0.032




	
R3

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036

	
0.036




	
R4

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034

	
0.034




	
R5

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037

	
0.037
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Table A4. The gaps evaluation of the national museums by modified VIKOR.
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Dimensions/Criteria

	
Original Weights

	
Overall Weights

(by DANP)

	
Museum A

	
Museum B

	
Museum C

	
Museum D

	
Museum E




	
Scores (Museum A)

	
Gap

(VIKOR)

	
Scores (Museum B)

	
Gap

(VIKOR)

	
Scores (Museum C)

	
Gap

(VIKOR)

	
Scores (Museum D)

	
Gap

(VIKOR)

	
Scores (Museum E)

	
Gap

(VIKOR)






	
Benefits

	
0.256

	

	
7.600

	
0.000

	
7.600

	
0.000

	
7.267

	
0.160

	
7.067

	
0.256

	
7.467

	
0.064




	
B1

	
0.152

	
0.041

	
8.400

	
0.000

	
8.000

	
0.016

	
7.333

	
0.041

	
8.067

	
0.013

	
7.867

	
0.021




	
B2

	
0.184

	
0.046

	
7.000

	
0.034

	
7.000

	
0.034

	
6.867

	
0.046

	
7.400

	
0.000

	
7.267

	
0.011




	
B3

	
0.159

	
0.041

	
7.600

	
0.000

	
7.533

	
0.005

	
7.000

	
0.041

	
7.467

	
0.009

	
7.467

	
0.009




	
B4

	
0.136

	
0.033

	
7.400

	
0.000

	
6.200

	
0.032

	
6.600

	
0.021

	
6.133

	
0.033

	
7.400

	
0.000




	
B5

	
0.130

	
0.033

	
6.600

	
0.028

	
7.333

	
0.000

	
6.467

	
0.033

	
7.267

	
0.003

	
6.600

	
0.028




	
B6

	
0.092

	
0.024

	
5.267

	
0.024

	
5.933

	
0.000

	
5.933

	
0.000

	
5.933

	
0.000

	
5.600

	
0.012




	
B7

	
0.146

	
0.038

	
6.400

	
0.038

	
7.000

	
0.023

	
6.867

	
0.026

	
7.933

	
0.000

	
7.467

	
0.011




	
Opportunity

	
0.261

	

	
6.600

	
0.261

	
7.333

	
0.124

	
7.600

	
0.074

	
8.000

	
0.000

	
6.933

	
0.199




	
O1

	
0.051

	
0.016

	
8.533

	
0.000

	
7.600

	
0.007

	
6.267

	
0.016

	
7.600

	
0.007

	
7.400

	
0.008




	
O2

	
0.189

	
0.045

	
7.333

	
0.000

	
7.200

	
0.010

	
6.733

	
0.045

	
7.267

	
0.005

	
7.067

	
0.020




	
O3

	
0.126

	
0.033

	
5.733

	
0.024

	
5.867

	
0.016

	
6.133

	
0.000

	
5.600

	
0.033

	
6.133

	
0.000




	
O4

	
0.152

	
0.042

	
7.867

	
0.014

	
7.867

	
0.014

	
7.733

	
0.042

	
7.933

	
0.000

	
7.867

	
0.014




	
O5

	
0.162

	
0.045

	
7.333

	
0.045

	
7.333

	
0.045

	
7.733

	
0.015

	
7.933

	
0.000

	
7.600

	
0.025




	
O6

	
0.147

	
0.040

	
7.600

	
0.000

	
6.200

	
0.040

	
6.400

	
0.034

	
6.733

	
0.025

	
7.267

	
0.010




	
O7

	
0.173

	
0.041

	
7.200

	
0.000

	
6.467

	
0.041

	
6.867

	
0.019

	
7.000

	
0.011

	
6.533

	
0.037




	
Costs

	
0.251

	

	
8.200

	
0.000

	
6.867

	
0.239

	
6.800

	
0.251

	
7.267

	
0.167

	
7.800

	
0.072




	
C1

	
0.310

	
0.074

	
7.467

	
0.074

	
7.400

	
0.067

	
6.800

	
0.000

	
7.200

	
0.044

	
7.133

	
0.037




	
C2

	
0.120

	
0.031

	
8.133

	
0.031

	
7.533

	
0.020

	
6.400

	
0.000

	
6.800

	
0.007

	
7.267

	
0.015




	
C3

	
0.131

	
0.035

	
6.600

	
0.035

	
5.267

	
0.002

	
5.933

	
0.019

	
5.200

	
0.000

	
6.200

	
0.025




	
C4

	
0.221

	
0.056

	
7.000

	
0.028

	
6.533

	
0.003

	
6.467

	
0.000

	
7.533

	
0.056

	
6.800

	
0.017




	
C5

	
0.219

	
0.055

	
6.533

	
0.008

	
6.867

	
0.029

	
6.400

	
0.000

	
7.267

	
0.055

	
6.733

	
0.021




	
Risks

	
0.232

	

	
8.400

	
0.232

	
6.333

	
0.000

	
6.667

	
0.037

	
6.933

	
0.067

	
7.600

	
0.142




	
R1

	
0.286

	
0.094

	
5.467

	
0.000

	
5.267

	
0.015

	
6.333

	
0.094

	
5.933

	
0.064

	
6.267

	
0.089




	
R2

	
0.124

	
0.032

	
8.133

	
0.032

	
7.800

	
0.000

	
7.867

	
0.006

	
7.867

	
0.006

	
7.867

	
0.006




	
R3

	
0.196

	
0.036

	
8.467

	
0.036

	
7.867

	
0.024

	
6.667

	
0.000

	
6.733

	
0.001

	
7.733

	
0.022




	
R4

	
0.199

	
0.034

	
8.467

	
0.034

	
6.533

	
0.011

	
5.667

	
0.000

	
5.667

	
0.000

	
7.333

	
0.020




	
R5

	
0.195

	
0.037

	
9.067

	
0.037

	
8.133

	
0.013

	
7.600

	
0.000

	
7.667

	
0.002

	
8.533

	
0.023
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Figure 1. The steps of the national museums hybrid evaluation model. 
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Figure 2. The influential network relationship map (INRM) of each dimension and criteria for national museums. Source: From Tsai and Lin [19]. 
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Table 1. Total-influential evaluation dimensions matrix TD.
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	Dimension
	B
	O
	C
	R
	Di





	B
	2.653
	2.932
	2.880
	2.654
	11.120



	O
	2.740
	2.489
	2.599
	2.411
	10.239



	C
	2.607
	2.715
	2.350
	2.389
	10.061



	R
	2.631
	2.691
	2.578
	2.183
	10.083



	Sj
	10.631
	10.827
	10.408
	9.637
	







Note. Any value greater than threshold value (2.594) is presented in bold. The threshold value is setting up by computing the average of the el