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SUMMARY

Ship repair service providers (SRSPs) are divided into repair shops and repair yards. The process of evaluating the service quality of SRSPs is detailed in the ship management and operation procedures held by ship-owners, who must evaluate SRSPs annually to ensure the continued provision of high-quality maintenance and repair services. The high-quality repair services provided by SRSPs can also enhance the strength of ship-owners; ensure the ship successfully passes Flag, PSC, and CLASS inspections; and maintain the ship’s seaworthiness. This study combined fuzzy quality function deployment (FQFD) and grey relational analysis (GRA) to evaluate the service quality of SRSPs. The research findings revealed that “reasonable pricing and discount conditions” and “high-quality repairs and reliability-centred guarantee service” are the technical solutions that must be prioritised by repair shops and yards, respectively. Moreover, the evaluation criteria, technical solutions, and research results discussed in this study provide a reference for ship-owners and SRSPs.
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NOMENCLATURE



	CLASS

	Classification Society




	FQFD

	Fuzzy Quality Function Deployment




	FGQFD

	FQFD combined with GRA




	GRA

	Grey Relational Analysis




	GMIR

	Graded Mean Integration Representation




	HoQ

	House of Quality




	ISM

	International Safety Management




	PMS

	Planned Maintenance System




	PSC

	Port State Control




	TFN

	Triangular Fuzzy Number




	SERVQUAL

	Service Quality




	SRSPs

	Ship Repair Service Providers




	R (Mi)

	Graded Mean Integration Representation (GMIR)




	Δ0i (j)

	Grey Relational Difference Sequence




	γ(x0 (j),xi (j))

	Grey Relational Coefficient




	ζ

	The Range of the Distinguishing Coefficient




	r(x0,xi)

	Grey Relational Grade (GRG)




	αj

	The Weight of the jth Guideline




	(X, Γ)

	Grey Relational Space (GRS)




	WTj

	The Original Weight of the jth Guideline




	LS

	A Likert scale point




	βj

	The Standardized Weight of the jth Guideline




	Dij

	The Average Correlation Strength Verbal Value




	λij

	The GMIR Value after Defuzzification





1.INTRODUCTION

According to Section 7 Development of Plans for Shipboard Operations, Section 9 Reports and Analyses of Non-Conformities, Accidents, and Hazardous Occurrences, and Section 10 Maintenance of the Ship and Equipment of the International Safety Management (ISM) Code, ship-owners must adhere to ship management and operation procedures to maintain the seaworthy standards of ships. This includes maintenance and repair operations, shore repair applications, and the management of ship repair service providers (SRSPs). The management scope for ship maintenance procedures generally consists of three categories, namely maintenance and repair procedures, evaluation and selection of SRSPs, and assessment of service quality.

In particular, maintenance and repair providers refer to the daily and regular maintenance procedures for ship’s hull and machinery. If a damaged item cannot be repaired by crews, ship-owners may schedule shore repairs according to the regulations and convenience of nearby ports. In the maritime industry, SRSPs play a key supplier role. Similar to maritime supplies suppliers, the services provided by SRSPs are essential for maintaining the seaworthiness of ships. Ship-owners with more contracted SRSPs have a more comprehensive maintenance supply chain. This provides ship-owners with the resources required to ensure undisrupted shipping operations. Therefore, the evaluation of SRSPs is crucial for ship-owners.

In order to meet the requirements of ISM CODE for ship maintenance and seaworthiness, the shipping company has formulated in its maintenance and operation procedures that both ship and shore teams must annually evaluate the repair quality and service attitude of contracted SRSPs on a specific date. This evaluation ensures ships continue to receive high-quality repairs and that a friendly service attitude is maintained. This evaluation also encourages contracted SRSPs to continually improve their maintenance and service quality, thereby creating a win–win–win situation for ship-owners, ship-crews, and SRSPs.

Additionally, regular maintenance and necessary repairs can ensure that the ship passes the inspections made by Flag, PSC, CLASS, cargo-owners, or commissioned third-party ship inspection units (e.g., RightShip), maintains its seaworthiness, and stablishes a robust and reliable maintenance supply chain. Moreover, ship-owners contracted with high-quality SRSPs can charge higher freight costs, rental fees, and selling prices; benefit from lower insurance rates; ensure the safety of their crew, ship, and cargo; and protect the ocean environment, thereby fulfilling corporate social responsibilities and achieving sustainable development.

To sum up, in order to maintain the permanent seaworthiness of the ship and the interests of the ship-owner, the ship-owner must have a feasible maintenance and repair system. In order to maintain the viability of maintenance and repair systems, there is a need to have appropriate SRSPs and regularly evaluate the services they provide. In addition to price, technology, equipment, and work arrangements, these assessed service items also need to further consider more diversified additional services, such as the maintenance of good customer relationships, the prevention of industrial safety accidents, and the establishment of complete maintenance records. Finally, in order to improve the service quality of SRSP and increase ship-owners’ satisfaction with repair services, this study adopted the perspective of ship-owners to evaluate the repair performance and service quality provided by SRSPs.

2.LITERATURE REVIEW

There are a lot of literature exploring service quality in various industries, including the maritime industry. Most of the criteria or questions discussed can actually be found in the SERVQUAL model. Therefore, this study will discuss service quality from SERVQUAL model, maritime industry and some research methods.

2.1SERVICE QUALITY (SERVQUAL) MODEL

Parasuraman et al. (1985) stated that service quality is the difference between the customers’ expectations and actual perception of the service they received. If the expectation of the service is greater, equal to, or lower than the perception, customers are unsatisfied, satisfied, or extremely satisfied with the service quality, respectively. Parasuraman et al. (1985, 1988) conducted two empirical studies of services industries in 1985 and 1988. The 1985 study proposed ten customer-evaluated service quality aspects, namely access, communication, competence, courtesy, credibility, reliability, responsiveness, security, tangibles, and understanding the customer. The 1988 study combined the “access,” “communication,” and “understanding the customer” into the aspect of “empathy,” and the “competence,” “courtesy,” “credibility,” and “security” were merged into the aspect of “assurance.” Therefore, the five aspects of SERVQUAL in the 1988 study were tangibles, reliability, assurance, responsiveness, and empathy. Ugboma et al. (2007) adopted the SERVQUAL model and customer satisfaction indicators to measure service quality and satisfaction in ports. The study proposed four dimensions (e.g., core, relational, tangible, and customer satisfaction) and 21 indicators (e.g., when my port promises to do something by a certain time, it does it? employees in my port are always willing to help, etc.) In the SERVQUAL for ports, which consisted of five dimensions and 12 indicators (e.g., appearance of staff, delivers on promises, provides value-added service, etc.) The study indicated that the port industry had strong ratings in the responsiveness (little waiting time for ships to be serviced) and tangible (modern cargo handling equipment) dimensions, but lower ratings in the empathy dimension (provides value-added service and provides prompt notice of any problems). Pantouvakis et al. (2010) applied SERVQUAL to test the service quality of the passenger port industry. There are 22 service criteria in SERVQUAL, such as port facilities are up to date, port provides high quality services to customers, personnel in the port inform you of the exact time servicing is to be performed, etc. The study results revealed that the SERVQUAL measurement tool was suitable for evaluating service quality in the passenger port industry.

2.2SERVICE QUALITY IN MARITIME INDUSTRY

Yang et al. (2013) applied the Fuzzy Quality Function Deployment (FQFD) method to explore the added service value of international port logistics centres, distinguishing the five service guidelines with which customers were not most satisfied, namely speed/convenience of cargo transshipment operations, logistics manufacturing capabilities, operating efficiency of port logistics centre, tax reduction benefits and policies and safe storage of cargo and damage claims. The five technical solutions that required immediate improvement were, in descending order, economical port logistics operating costs, international port policy, port logistics operational efficiency, high-quality logistics facilities, and professional logistics skills and operational capabilities. Huang et al. (2015) evaluated the service quality of liner shipping, listing such customer requirements as less costly service, less transit time, and safety of cargo, and such technical solutions as transit capacity within 1 month, number of home-port offices, and alliance memberships. The study results demonstrated that customers preferred purchasing a complete delivery service that included logistics. The implementation of the ISO 9001 was the project that needs to be improved first. In addition, Chiou et al. (2021) also explored the moderating role of service on the recovery of customer loyalty among cruise passengers. Among the five dimensions (e.g., service quality, customer satisfaction, customer loyalty, service recovery and service recovery satisfaction) and 21 factors (e.g., staff expertise, my satisfaction of the cruise after leaving port, I would join the cruise again if I have time, etc.) incorporated in the model established in the study. The study results indicated that for a cruise company, service quality and customer satisfaction had significant influence on customer loyalty. Additionally, the results revealed that service recovery played a significant moderating role in the effect of service quality and customer satisfaction on customer loyalty.

2.3SERVICE QUALITY IN RESEARCH METHODS

Liang (2010) used a fuzzy quality function deployment (FQFD) to identify service management requirements for customer quality needs. they obtained the priority of the service management requirements, such as breed professional of CRM, customized service, create the culture of CRM, on-line analysis processing, data mining, and innovate service value. Huang and Hsu (2016) combined Quality Function Deployment (QFD) and Fuzzy Analytic Hierarchy Process (FAHP) in researching the service quality of international distribution centres. Assurance, one of the five dimensions of SERVQUAL, was replaced with convenience in the study, with the results revealing that handling of damaged cargo, accuracy of shipping orders, punctuality, storage spaces, and frequency and routes of transportation were regarded by decision makers as the five most essential requirements. The technical solution section identified the following five prioritized technical solutions: consolidation and deconsolidation, cargo stowage and discharge, delivery scheduling, logistic processing, and business inquiry. Li et al. (2021) argued that the service quality of a port is the foundation for the rapid development of the cruise industry. The study employed AHP to compute the weight of the main factors influencing the service quality of cruise ports and subsequently adopted the grey clustering model to evaluate the service energy of 13 cruise ports categorized into different tiers.

The literature review revealed that service quality has many related dimensions and criteria. As for SRSPs’ repair service criteria include price, repair quality, manufacturing equipment, geographical location, skills and capabilities, reputation of SRSPs, and cooperative attitude and willingness to cooperate. Regardless of the service criteria, service providers in every industry provide services according to the characteristics of that industry and improve their visible and invisible services to increase the satisfaction of customers. This study surveyed how ship-owners evaluate SRSPs’ service quality. The characteristics of the repair services were referenced, and repair models and service items were adjusted according to the evaluation criteria of maintenance supply chain. Such criteria include sufficient stocks and reliable supply, technicians’ techniques and work attitude, guarantee of repair quality, environmentally friendly methods, etc.

The following section introduces the methodologies, section 4 presents an assessment of the operating procedures and then ship repair services’ service quality evaluation in section 5. Finally, conclusions are offered in section 6.

3.METHODOLOGIES

This chapter briefly describes the concept of Fuzzy Quality Function Deployment (FQFD) and Grey Relational Analysis (GRA). These methods will be combined to solve the service quality evaluation of SRSPs.

3.1FQFD

A fuzzy set is characterized by a membership function and distribute each element a membership grade ranging from 0 to 1 (Zadeh, 1965). Let X be the universal set. Fuzzy set M in X is defined by a membership function fM (x) that associates a real number in the interval [0, 1] with each point in X. The function value fM (x) at x represents the membership grade of x in M. The membership grades of a triangular fuzzy number (TFN) M in real line ℜ referring to fM: ℜ → (0, 1) can be expressed as in Eq. (1), where -∝ < c ≤ a ≤ b < ∝ (Dubois and Prade 1978). Thus, a TFN M can be denoted by M = (c, a, b). Because of a represents a maximal membership grade in M, it has the most probable value fM (a) = 1. The c and b are the lower and upper bounds of M, respectively, it can be represented the fuzziness of M. The shorter the interval [c, b], the lower the fuzziness of M will be.

[image: image]

Zadeh (1975a, 1975b, 1976) used the linguistic variables for solving phenomena that are too complicated or ill-defined to be described in a conventional quantitative environment. Fuzzy numbers can be used to characterize linguistic values when expressing preference ratings and importance weightings in a fuzzy environment. A seven-point scale, where 1 = very unimportant (very dissatisfaction) and 7 = very important (very satisfaction), is used to indicate the perceived importance and satisfaction of each criterion. As for the corresponding TFNs for sets weightings and ratings can be followed the suggestion of Lu et al. (2018). Let Mi = (ci, ai, bi), i = 1, 2, 3, …, n be n TFNs. The graded mean integration representation (GMIR) method proposed by Chen and Hsieh (2000) can be utilized to convert defuzzified fuzzy numbers and then rank the priority for Mi. As for the ranking value of Mi can be denoted as R(Mi) and show as in Eq. (2).

[image: image]

Suppose there are two TFNs M1 and M2 with the ranking values R(M1) and R(M2), respectively. Their ranking relationships are as follows.

[image: image]

The QFD involves evaluation criteria, technical solutions, and participant decision-making opinions, is a feasible method for evaluating service quality in supply chain. The QFD converts customer demands ordered by priority into technical solutions for suppliers. The supplier then offers technical solutions to the customer for evaluation to enhance their service quality. Akao (1990, 1991) indicated that the basic concept of QFD is to transform the voice of customer (VoC) into the quality functions of a service to ensure that customers experience the highest level of satisfaction. Moreover, Akao also defined the house of quality (HoQ) as a matrix focused on functions that systemizes real customer requirements and transforms these requirements into substitute characteristics to create the quality by design matrix, thus reflecting the correlation between functions and substitute characteristics. A HoQ matrix is used to perform quality transformation, and then technical solutions are listed according to their priority, being subsequently implemented in that order. The HoQ can assist businesses in achieving a balance between meeting customer requirements and business capabilities in a customer requirement–oriented market and in identifying new opportunities, forming strategies, and increasing their market and revenue shares (Chen and Bullington 1993). In addition, Hauser and Clausing (1998) defined the central framework of QFD is HoQ and as a method through which VoC is integrated into the design and manufacturing of products; the requirements in each HoQ layer are thus transformed into technical solutions for complete analysis.

This study focused on the service quality evaluation of SRSPs and explored ship-owners’ views on scheduling ship maintenance. The literature has indicated that technical solutions can enhance the service quality of SRSPs. Therefore, the QFD method is applicable for the evaluation of this study. In addition, the decision-making process is often influenced through subjective ideas, experience, and spatial and temporal environmental factors, which results in different decision-making behaviour or results. A fuzzy set can be introduced to mitigate the influence of subjective factors in uncertain environments and is therefore suitable for use in this study. Several studies of QFD and FQFD (Akao, 1991; Ding, 2009; Ho et al., 2011; Huang and Hsu, 2016; Huang et al., 2015; Yang et al., 2013) have reported that the construction of HoQ is at the centre of QFD. The content architecture of HoQ as illustrated in Figure 1 and the following section details HoQ framework.

(1)Customer requirements: The left side (section A in Figure 1) of HoQ represents customer requirements and refers to the VoC and their expectations for a business’ services.
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(2)Weights of customer requirements: The weights of customer requirements constitute the right side (section B) of HoQ. In this section, the HoQ team conduct investigations and calculate the weights of each customer’s requirement.

(3)Engineering characteristics (Technical solutions): Through further improvement, service providers can formulate feasible technical solutions for improving service quality to satisfy customer requirements, as illustrated in section C.

(4)Relationship matrix: The relationship matrix represents the relationship between customer requirements and each technical solution (engineering characteristic of a product or service). This matrix can understand how each technical solution affects each customer requirement. The HoQ team can apply statistical analysis to evaluate these relationships and use value to represent the strength of each relationship, as depicted in section D.

(5)Correlation matrix: The correlation matrix at the top of HoQ allows the HoQ team to identify correlations (i.e., positive, negative, or no correlation) among each technical solution, as presented in section E.

(6)Technical target value: The technical target value is calculated using the weight of the customer requirements and correlation coefficient between the technical solution and customer requirement, as illustrated in section F.

(7)Order of technical solutions: The order of technical solutions, at the base of HoQ. Service providers use technical target value to order the priority. A larger value indicates that improvements to that technical solution must be prioritised, as depicted in section G.

3.2GRA

Grey system theory is applied to analyse information intervals and was first proposed by Deng ju-long. This theory is different from conventional analyses that require large amounts of data for accurate predictions. GRA, one of the four major research methods in grey system theory, can assess correlations among the data of a discrete data series to evaluate the correlations among parameters and ideal values and the interrelation between parameters, even when the object is uncertain, data are incomplete, or samples are insufficient (Deng 1982, 1989).

GRA is applied to evaluate the characteristics and functions of objective relationships between evaluation criteria in environments with uncertainty or little information; therefore, this analysis in conjunction with QFD is suitable for service quality evaluation of SRSPs, with typically involves few decision-makers and limited information. According to recent studies (Kuo 2011; Kuo et al. 2008; Liao et al. 2013; Liu et al. 2006), the GRA process can be classified into the following five steps.

(1)Establish grey relational factor space (GRFS): Let xi = (xi(1), xi(2),...,xi(j),...,xi(n)) where i = 1, 2,3,...,m and j = 1,2,3,...,n; xi is an information sequence that includes m sequences and n criteria. The information sequence set X is called GRFS, as detailed in Eq. (3).
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(2)Set reference and comparison sequence: In the information sequence set X, let x0 = (x0(1), x0(2), ..., x0(j), ..., x0(n) and xi = (xi(1), xi(2), ..., x etc xi(j),..., xi(n), i = 1,2,3, ..., m, j = 1,2,3, ..., n be the reference sequence (x0) and comparison sequence (xi), respectively. The sequence of absolute distance between x0(j) and xi(j) is the grey relational difference sequence Δ0i (j), as expressed in Eq. (4).
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(3)Calculate grey relational coefficient (GRC): The GRC γ (x0(j), xi(j)) can be used to represent the relationship between the two sequences x0 and xi at the point j in the grey relational difference sequence Δ0i (j), as calculated in Eq. (5).

[image: image]

The [image: image] and [image: image] are denotes the minimum and maximum values of Δ0i (j), respectively. The distinguishing coefficient ζ ( ζ ∈[0,1] ) used to reduce the distortion caused by large [image: image] values and improve the significance of the difference between GRCs. In addition, the ζ only changes the relative value of GRC γ (x0(j), xi(j)) and does not affect the sequence of grey relational grade (GRG) (Wen and Wu 1996; Wong and Lai 2000). If the correlation between the sequences is unclear, the ζ = 0.5 is advised (Deng 1989).



(4)Calculate grey relational grade (GRG): If many GRCs are included in GRG γ (xo, xi) calculations and the information is dispersed, each reference factor must be adjusted through averaging of the reference factor and GRC of the reference sequence, as detailed in Eq. (6).
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If the weights are unequal, let the weight of the th factor be αj, with the calculations of GRG value presented in Eq. (7). The sum of all the weights of the factors must be 1, as expressed in Eq. (8).
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(5)Determine grey relational order (GRO): Let be the GRFS, γ be the grey relational mapping from xi and x0 to γ (xo,xi), and Γ be the set for all γ; (X, Γ) is then the grey relational space (GRS). If γ(xo, xi), γ(xo,xp),...,γ(xo,xs) is in the GRFS X and GRS (X, Γ), and γ(xo, xi)˃γ(xo, xp) ˃ ... ˃γ(xo, xs), then xi ˃ xp ... ˃ xs This sequence arranges the GRG values from largest to smallest and is termed the GRO.

3.3FGQFD (FQFD COMBINED WITH GRA)

FQFD can not only assist ship-owners to evaluate the service quality of SRSPs, but also improve their service quality in a limited, uncertain and fuzziness decision-making environment to meet the ship-owners’ requirements. Because GRA can be used to compare the correlations among parameters with incomplete or little information. This study combines FQFD with GRA to formulate a FGQFD method and then to evaluate the service quality, the process is described as follows.




(1)Criteria collection: The data in the form of customer’s opinions and complaints were collected to understand what customer’s requirements and expect from certain services.

(2)Criteria analysis: The collected data are analysed to examine customer’s requirements, such as the mean importance and satisfaction value of each customer’s requirement, the ordering of these values, and the weights of original and standardized. In each criterion of HoQ, let AXj, j = 1,2,3, ..., n and AYj, j = 1,2,3, ..., n be the mean importance and satisfaction value of each criterion Kj, j = 1,2,3, ..., n, respectively. The original weight WTj of each criterion Kj is described in Eq. (9), with LS representing a Likert scale point. The standardized weight αj of each criterion Kj is expressed in Eq. (10).
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(3)Propose technical solutions: To satisfy customer’s requirements and promote satisfaction, a service must be improved in specific reference to these two factors. Therefore, feasible technical solutions were proposed according to the results of step 2.

(4)Construct relationship matrix: The relationship matrix represents the correlation between customer’s requirements and each technical solution. Relative strength is a linguistic variable that has a linguistic value instead of numerical value; this only can be expressed through approximate reasoning using fuzzy-set. FQFD studies often use a TFN to express the correlation strength. This study referenced Yang et al. (2013), defining the linguistic value membership function of the correlation strength S = {high correlation = (0.5, 0.75, 1), moderate correlation = (0.25, 0.5, 0.75), low = (0, 0.25, 0.5), no correlation = (0, 0, 0)}.

(5)Calculate technical target value: The correlation strength between each customer’s requirement and each technical solution was obtained in step 4. Next, the values were transformed into the TFN of the verbal value membership function. They were then averaged to calculate the mean TFN for each technical solution under each criterion. Then the defuzzification was performed on the fuzzy numbers to obtain new values, which were then multiplied by the standardized weight and summed to obtain the technical target value.

Let [image: image], i = 1,2,3,..., m; j = 1,2,3,..., n; t = 1,2,3,..., z be the correlation strength verbal value TFN provided by decision maker t for the ith solution under the jth criterion; [image: image] is the average correlation strength verbal value TFN provided by all the decision makers as part of the group decision for the ith solution under the jth criterion. Defuzzification was performed for each verbal value TFN of each decision maker. This study employed the GMIR method proposed by Chen and Hsieh (2000) to calculate the defuzzification value λij. The calculations are detailed in Eq. (11).
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(6)Calculate GRG value: After defuzzification λij value was obtained and then input into GRA. Through the equations in Subsection 2.2, the GRG value was obtained. The GRG value is technical target value (TVj) of solutions. The calculations are presented in Eqs. (12) and (13).
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(7)Order of priority of technical solutions: A technical solution with a larger GRG value indicates that improvements for that technical solution must be prioritised.

4.EVALUATION PROCEDURES

The evaluation procedures of SRSPs’ service quality include the evaluation framework, calculating the standardized weight of criteria, and proposing technical solutions; the procedures are explained as follows.

4.1EVALUATION FRAMEWORK

The evaluation procedures can be divided into the following eight steps and described as follows. Figure 2 depicts the overall evaluation procedure flowchart.
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(1)Goal identification: The goal was to evaluate the service quality of SRSPs from the perspective of ship-owners. The evaluation operation will assess whether SRSPs’ services meet ship-owners’ requirements.

(2)Evaluation aspects and criteria collection: Evaluation aspects and criteria that are directly related to the target were collected through the literature review and discussions with senior managers of ship-owners. They were used to construct the evaluation framework comprising the goal, aspect, and criterion levels.

(3)Organize the evaluation committee: In this study, 50 participants from various shipping companies and four senior managers were invited for the first and second evaluations, respectively, to offer their opinions.

(4)Analysis of criteria weights: The responses collected in step 3 were used to calculate the mean importance and satisfaction value of each criterion; the original and standardized weight were also calculated.

(5)Propose technical solutions: Through use of the results gathered in step 4, criteria with a standardized weight larger than the mean standardized weight were prioritised technical solutions. Next, the senior managers were invited to list items that SRSPs must improve in their repair service quality; these items were incorporated into the technical solutions, which were then formulated into a HoQ relationship matrix questionnaire.

(6)Calculate the HoQ relationship matrix: The responses in the HoQ relationship matrix questionnaire were imported into fuzzy-set and combined with GMIR to calculate the defuzzification value of each criterion.

(7)Calculate GRG value: The defuzzification values calculated in step 6 were applied in the calculations of the GRA to obtain the GRG value of each technical solution.

(8)Rank the technical solutions: The technical solutions were ranked according to their GRG value.

4.2EVALUATION CRITERIA

The service quality criteria of SRSPs were determined using the selection criteria for SRSPs proposed by Lu et al. (2018).
 
The criteria were classified according to their characteristics and five aspects of SERVQUAL, as summarized in Table 1.
 
In addition, 50 copies of the questionnaire were distributed to engineers at 25 shipping companies, including four container liners, four tanker companies, and 17 bulk carrier companies. In total, there were 33 valid responses from 50 copies of the distributed questionnaires in this phase (for a return rate of 66%). As for the length of service for all respondents, importance and satisfaction of the evaluation criteria for repair shops and yards are listed in appendix Table 1 to appendix Table 5, respectively.
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In terms of the reliability of the criteria, Cronbach’s α of the values of importance and satisfaction of repair shops were 0.754 and 0.953, respectively, and those of repair yards were 0.865 and 0.942, respectively. This result verified that the content of the questionnaire had strong consistency, and the importance and satisfaction values exhibited remarkable reliability. The questionnaire had high content validity because the criteria were identified and extracted from the results of the literature review and were practical experiences of senior managers of ship-owners. The questionnaire was also pretested by ship-owners’ personnel, with strong outcomes. Table 2 presents the differences between the perceived mean importance and satisfaction value of each criterion for repair shops and yards. In general, the mean importance value of each criterion is greater than the mean satisfaction value. This indicates that regardless of engineers’ perception of the importance value of a specific criterion, SRSPs is unable to provide services relating to said criterion to the satisfaction of ship-owners.

For repair shops, engineers perceived 14 criteria to have considerable room for improvement, among which criteria TGS1, ASS3, RPS1, RPS2, and EPS1 had a lower mean satisfaction value than the average of mean satisfaction value (4.20996); thus, improvements in these criteria must be prioritised. The top three criteria the engineers were most satisfied with were RLS3, EPS2, and RLS2, in descending order; the top three criteria the engineers were least satisfied with were TGS1, RPS1, RPS2, and EPS1, in descending order. After calculation of the mean importance and satisfaction value of each criterion, this study adopted the average standardized weight as a threshold. When the standardized weight of a specific criterion is greater than the average standardized weight, a greater difference exists between the importance and satisfaction; therefore, the criterion must be prioritised for improvement. For repair shops, six criteria, namely TGS1, RLS1, RLS2, ASS1, RPS1, and RPS2, had a standardized weight greater than the average standardized weight (0.07143) must be prioritised for improvement.

For repair yards, the mean importance and satisfaction values were 5.92088 and 4.19192, respectively. The top three criteria with which engineers were most and least satisfied were RLY3, RLY2, and RLY1 and TGY1, RPY1, and EPY2, respectively. Additionally, all criteria had a mean importance value greater than their mean satisfaction value, suggesting considerable room for improvement in all 18 criteria. Furthermore, nine criteria had a mean satisfaction value less than the average of mean satisfaction value (4.19192), namely TGY1, TGY2, TGY3, TGY4, ASY3, RPY1, RPY2, EPY1, and EPY2. Finally, eight criteria, namely TGY1, RLY1, RLY4, ASY1, RPY1, RPY2, EPY2, and EPY3, had a standardized weight greater than the average standardized weight (0.05556) must be prioritised for improvement.
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4.3TECHNOLOGY SOLUTIONS

Evaluation criteria with a standardized weight greater than the average standardized weight were converted into technical solutions, whereas others were presented as suggestions for future improvements based on senior managers’ experience related to arranging ship repairs. This study compiles these suggestions and develop new technical solutions for evaluation. The final composition of SRSPs’ technical solutions is detailed as follows, as for the hierarchical framework is depicted in figure 3.
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4.3 (a) Repair Shops

The technical solutions proposed for repair shops were divided into three fields, namely professional business management, high reliability in repair quality, and high value-added service. The details were described as Table 3.




(1)Professional business management:



(1a)Offer reasonable repair costs and discounts (PB-S1).

(1b)Professional shore personnel with high operation efficiency (PB-S2).

(1c)Operate and manage favourable customer relationships (PB-S3).



(2) Highly reliable repair quality:



(2a)Collaborates with satellite repair shops to provide maintenance services and support (RQ-S1).

(2b)Have excellent techniques and dedicated work attitude (RQ-S2).

(2c)Provide high-quality repairs and conduct reliable guarantee operations (RQ-S3).



(3)High value-added service (VS):



(3a)Implement preventative and inspection measures for work safety accidents (VS-S1).

(3b)Have certification and authentication from original equipment manufacturers (VS-S2).

(3c)Provide repair specifications to record the repairs and services (VS-S3).
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4.3 (b) Repair Yards



The technical solutions proposed for repair yards were divided as followings and the details described as Table 4.



(1)Professional business management (PB):



(1a)Have reasonable pricing, discounts, and payment methods (PB-Y1).

(1b)Have professional human resources and high operation efficiency (PB-Y2).

(1c)Operate and manage favourable customer relationships (PB-S3).



(2) Have highly reliable repair quality (RQ):



(2a)Have excellent techniques and dedicated work attitude (RQ-Y1).

(2b)Provide high-quality repairs and conduct reliable guarantee operations (RQ-Y2).

(2c)Have optimized management and flexible moderation of dry-dock schedules (RQ-Y3).



(3)High value-added service (VS):



(3a)Implement preventative and inspection measures for work safety accidents (VS-S1).

(3b)Have certification and authentication from original equipment manufacturers (VS-S2).

(3c)Provide repair specifications to record the repairs and services (VS-S3).



In sum, the most marked differences between the technical solutions of repair shops and repair yards were the “professional business management (PB)” and “highly reliable repair quality (RQ)” aspects. In the PB aspect, regarding pricing and discount problems, repair shops and repair yards exhibited significant differences in payment conditions. This is because the repair costs of repair shops are considerably less than those of repair yards. Therefore, ship-owners generally make one-time payments for shops’ services. Alternatively, ship-owners may expect to receive more flexible payment conditions for services provided by repair yards, including longer payment durations or instalment options.

In the RQ aspect, differences were observed in that the criteria for repair shops emphasized collaboration with satellite repair shops to obtain repair support, whereas repair yards focused on dock management. Ship-owners generally expect contracted repair shops to repair all items within one repair session. Because ship repairs often involve repairing numerous items, a single repair shop may be unable to process all repair items within the requested timeframe. Therefore, repair shops require the assistance of satellite repair shops to complete all repair items within one repair session. However, ship-owners may be concerned about the professional abilities and quality of these satellite repair shops. Yards generally repair numerous ships simultaneously, and repair shops often sign repair contracts with repair yards and even station themselves at repair yards to provide timely repair services. Therefore, repair yards generally do not experience problems locating repair shops with high-quality repair abilities.

Moreover, underwater repairs, which constitute the majority of repair items at repair yards, must be performed at dry or floating docks. Accordingly, repair yards’ ability to manage and moderate docks is crucial for ship-owners. By comparison, the repair operations performed by repair shops generally consist of repairs above water or inside the vessel, most of which are conducted at ports or anchorage. These repairs are not influenced by dry or floating dock conditions, thereby representing a considerable difference between repair yards and repair shops.

5.SERVICE QUALITY EVALUATION

To evaluate the service quality of SRSPs, we first evaluated and screened for the evaluation criteria. Subsequently, we proposed technical solutions based on the screening results and established a house of quality (HoQ) relationship matrix for evaluating the proposed technical solutions. Subsections 4.2 and 4.3 further detail the evaluation criteria and technical solutions. Senior managers of four different ship-owners were invited to form the evaluation team in this study. The following section presents the outcomes obtained through applying a fuzzy set and GRA to HoQ relationship matrix, respectively, and ranking the grey relational grade (GRG) of each technical solution.

5.1THE HoQ RELATIONSHIP MATRIX

Tables 5 and 6 present the TFNs of the HoQ relationship matrices of repair shops and repair yards, respectively. The matrices were composed of the service quality criteria for SRSPs and the proposed technical solutions. The TNF was obtained through application of a group decision model to compute the mean correlation strength between each criterion and the corresponding technical solution, as determined by the evaluation team. If the evaluation team considered a criterion and the technical solution to have a large degree of correlation strength, the transformed TFN was of greater value.

Table 7 lists the largest defuzzification value obtained using the GMIR formula. Most GMIR values for repair shops in the PB-S1 technical solution were of a high value, whereas those in the VS-S3 were relatively low. For repair yards, those in the RQ-Y2 had a high value, and those in the VS-Y3 had a low value. Accordingly, PB-S1 and RQ-Y2 were identified as possibly the highest-priority technical solutions by repair shops and repair yards, respectively. Contrarily, VS-S3 and VS-Y3 were identified as possibly the lowest-priority technical solutions for repair shops and repair yards, respectively. However, the final outcome is still subject to the standardized weight (αj) of each criterion.
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5.2FGQFD

Table 8 presents the GRG results of SRSPs. The GMIR values listed in Table 7 were input into the GRA formula detailed in Subsection 3.2 to obtain the GRG value of each solution under their corresponding criterion. Subsequently, the solutions were ranked based on their GRG value. The solutions for shops as ranked by GRG value in descending order were: PB-S1 (0.81452), RQ-S3 (0.75970), PB-S2 (0.75500), RQ-S2 (0.72782), PB-S3 (0.68625), VS-S2 (0.64720), RQ-S1 (0.63874), VS-S1 (0.58016), and VS-S3 (0.56272). Accordingly, the solutions for shops must be prioritised as follows: PB-S1 > RQ-S3 > PB-S2 > RQ-S2 > PB-S3 > VS-S2 > RQ-S1 > VS-S1 > VS-S3.In sum, PB-S1, RQ-S3, and PB-S2 and VS-S3, VS-S1, and RQ-S1 were the highest-priority and lowest-priority solutions, respectively. The solutions for yards, as ranked in descending order were RQ-Y2 (0.75630), PB-Y1 (0.73460), RQ-Y1 (0.73425), RQ-Y3 (0.64081), PB-Y3 (0.63646), PB-Y2 (0.60538), VS-Y1 (0.58308), VS-Y2 (0.56515), and VS-Y3 (0.41373). Therefore, the solutions for yards must be prioritised as follows: RQ-Y2 > PB-Y1 > RQ-Y1 > RQ-Y3 > PB-Y3 > PB-Y2 > VS-Y1 > VS-Y2 > VS-Y3. Thus, solutions RQ-Y2, PB-Y1, and RQ-Y1 must be prioritised, whereas VS-Y3, VS-Y2, and VS-Y1 were the least urgent.

The aforementioned results revealed that both repair fees and repair quality were in the top three solutions to be prioritised by SRSPs, thus suggesting that ship-owners are most concerned about these two factors. Therefore, SRSPs must invest resources into solutions related to these two criteria to satisfy ship-owners. In particular, the three solutions proposed for VS aspect were the lowest-priority items, likely because most contracted SRSPs have already implemented relevant value-added service plans and measures. Consequently, the three solutions for VS aspects are less of a priority.

5.3DISCUSSION

The services provided to ships or ship-owners directly or indirectly influences how engineers evaluate service quality and whether they schedule future repairs with the SRSPs. Therefore, SRSPs’ high-quality service is crucial for engineers to manage ships. Because we did not distribute many expert questionnaires, and each participant’s responses were dictated by their company policies, personal experiences and opinions, or other decision-making factors, we separately applied the fuzzy set and GRA to the HoQ matrix to devise solutions for QFD, thereby overcoming the limitations posed by a small sample size and influence of subjective responses. The results for evaluating service quality of SRSPs are detailed as follows:

5.3 (a) Repair Shops

The service quality evaluation of shops revealed that PB-S1, RQ-S3, and PB-S2 required urgent prioritisation, whereas VS-S3, VS-S1, and RQ-S1 were the least-urgent solutions.

(1)PB-S1 comprised two criteria, namely TGS1 and RPS1. In Table 2, the mean satisfaction values of TGS1 (3.30303) and RPS1 (3.33333) were both lower than the average of mean satisfaction value (4.20996). Additionally, the standardized weights of TGS1 (0.09081) and RPS1 (0.08125) were both greater than the average standardized weight (0.07143). Because both criteria had a high standardized weight, TGS1 and RPS1 were listed as among the criteria prioritised for improvement. According to the discussion with the evaluation team, the repair costs and discount conditions offered by shops are often unfavourable for ship-owners, resulting in ship-owners’ low satisfaction for these two criteria. Compared with other solutions, PB-S1 constitutes a fixed majority proportion of the repair expense of ship-owners. Because senior managers are subjected to budgeting management pressure by high-level mangers, the PB-S1 was listed as the first solution to be prioritised for improvement.Table 8: The GRG values and Rank of technical solutions for SRSPs

(2)RQ-S3, obtained through converting ASS1, had a mean satisfaction value (4.42424) was higher than the average of mean satisfaction value (4.20996). The standardized weight of ASS1 (0.07395) was greater than the average of mean standardized weight (0.07143). The discussion from the evaluation team indicated that SRSPs may occasionally be unable to complete timely repairs to damaged equipment because of technological limitations, lack of equipment, or short docking periods. Therefore, ship-owners are concerned about the seaworthiness of ships after repairs. If ships incur damages shortly after repair, ship-owners request SRSPs to implement quality guarantee responsibility and promptly repair the damaged equipment. When ships require repairs while berth at underdeveloped or inconvenient ports, ship-owners may experience difficulties locating certified shops and have reservations about the repair techniques and repair quality of local shops. However, if damages require urgent repairs, the ship is unable to travel to a suitable berth or dock for said repairs. Under these circumstances, ship-owners have no other option than to request emergency repairs from a local shop. This example portrays the importance of RQ-S3, which was identified as the second-most urgent solution to be prioritised.

(3)PB-S2 was devised from a practical suggestion proposed by ship-owners. After discussion, the evaluation team recognized that when communicating with shops, ship-owners often encounter scenarios in which, despite shops’ technicians currently performing repairs onboard, shop office personnel are unable to provide information onboard operations and the pending repair items. This results in ship-owners perceiving the shop to be inefficient, particularly during emergencies. Therefore, the evaluation team advocated for shop personnel to be provided with professional training to obtain a basic understanding of ship operation and to strengthen their ability to assist in arranging external operations.

(4)The least prioritised solution, VS-S3, was a suggestion proposed by ship-owners, they expect shops to provide a comprehensive repair specification and establish records of the repair services. This may assist ship-owners in searching for and understanding the ships’ repair history, and in applying big data analysis to identify negligence in ship repair and maintenance. Additionally, these records allow ship-owners to validate the repair costs quoted by shops and prevent ship-owners from being overcharged when their ships require emergency repair services at overseas ports. Following group discussion, the evaluation team determined that this solution is less of a priority for improvement. Possible reasons for this are that most shops already provide certification for repair completion and invoices when charging for repairs. Moreover, most long-term contracted shops have fixed repair costs. When ship-owners require emergency repairs, in consideration of long-term cooperation, shops generally do not unreasonably inflate the repair costs. Furthermore, ship-owners generally avoid contracting overseas shops for emergency repairs because of their awareness and experience of being overcharged. Therefore, VS-S3 is the lowest-priority solution for improvement.

5.3 (b) Repair Yards

The service quality evaluation of yards revealed that RQ-Y2, PB-Y1, and RQ-Y1 must be urgently prioritised, and that VS-Y3, VS-Y2, and VS-Y1 can be prioritised with the least urgency.



(1)RQ-Y2 was the criteria for ASY1. In Table 2, the mean satisfaction value of ASY1 (4.33333) was higher than the average of mean satisfaction value (4.19192). Additionally, the standardized weight of ASY1 (0.06066) was greater than the average standardized weight (0.05556). Accordingly, the evaluation team determined the RQ-Y2 was listed as the first solution that must be prioritised for improvement. The team explained that each ship’s docking repairs incurs costs of US$100,000 to US$1,000,000 and during which time they are non-operational, thereby resulting in considerable losses. Additionally, the main repair items of yards are underwater repairs. After repairs are completed and the ship resumes operation, the crews generally do not perform repairs to the ship’s underwater equipment. Therefore, the repair quality of yards is crucial. Because each repair session is costly and time-consuming, ship-owners often request that yards implement quality guarantee responsibility for low-quality repairs or damaged detected shortly after repair. The quality guarantee period usually covers approximately 3 months.

(2)PB-Y1 comprised three criteria, namely TGY1, RPY1, and EPY2. The mean satisfaction values of TGY1 (3.57576), RPY1 (3.66667), and EPY2 (3.78788) were lower than the average of mean satisfaction value (4.19192). The standardized weights of these three were 0.06822, 0.05969, and 0.5644, respectively, each of which was greater than the average standardized weight (0.05556). The evaluation team identified PB-Y1 as the solution that must be prioritised second. According to the discussions, docking repairs can involve extensive ship repair and maintenance, thereby incurring considerable repair costs. Engineers are responsible for completing docking repairs to maintain the ship’s seaworthiness at the lowest possible expense. Therefore, repair costs are the main consideration when selecting yards. In sum, current repair costs, discounts, and payment conditions offered by yards do not satisfy ship-owners.

(3)RQ-Y1 was the criterion of RLY1. The mean satisfaction value of RQ-Y1 (4.45455) was higher than the average of mean satisfaction value (4.19192). The standardized weight of RLY1 (0.05733) was greater than the average standardized weight (0.05556). The evaluation team’s discussion results revealed RQ-Y1 as the third solution to be prioritised for improvement, with the professionalism, technical standard, and work dedication of yard’s managers, technicians, and on-site workers judged as crucial to the docking repairs. These factors influence whether the docking repairs can be completed, and the ship can depart from the dock on schedule and affect repair quality and quality guarantee operations.

(4)VS-Y3 was another solution suggested by ship-owners. The team determined VS-Y3 to require the least-urgent improvement. A possible reason is that most yards already have repair specifications for docking repairs. Additionally, ship-owners generally have signed contracts with multiple yards and arrange for ships to undergo annual docking repairs at yards, which maintain detailed repair records. However, yards not contracted to ship-owners or those where ships undergo emergency repairs because of damage caused during navigation may experience difficulty in consistently maintaining long-term repair records for each serviced ship. Furthermore, because these ships are unlikely to revisit these yards, YS-Y3 was listed among the least-urgent solutions requiring improvement.

Studies exploring the service quality evaluation of SRSPs in the maritime supply chain are sparse. In this study, we combined QFD separately with the fuzzy set and GRA to explore the service quality of SRSPs. On the basis of the results, we recommend that SRSPs improve services to fulfil the demands of ship-owners. This can increase ship-owners’ satisfaction with the services, thereby creating a win–win situation. Additionally, the proposed FGQFD model has been approved can obtain the good results in evaluating SRSPs’ service quality.

6.CONCLUSIONS

The ship management and operation procedures established by ship-owners detail the management system for ship repairs. These procedures ensure that ships receive regular maintenance and necessary repairs and maintain their seaworthiness. They also regulate how crews and engineers must apply for repairs, review repair applications, perform repairs, and inspect the repair outcomes. Furthermore, this management system details how ship-owners select SRSPs and the service quality evaluation of contracted SRSPs. In this study, we administered a questionnaire to explore the service quality evaluation of SRSPs. The results are presented as follows and serve as a reference for ship-owners, SRSPs, and relevant stakeholders.



(1)Theoretical-related outcomes: This study adopted expert questionnaires, which do not require considerable data. To avoid biased or overly concentrated expert opinions, this study applied the fuzzy set and GRA to QFD and form a FGQFD method, thereby successfully exploring the service quality evaluation of SRSPs. Table 2 lists RLS3, EPS2, and RLS2 as the top three criteria for shops with which ship-owners were most satisfied and TGS1, RPS1, RPS2, and EPS1 as the criteria were least satisfied. After considered the importance of each criterion, the standardized weights of TGS1, RLS1, RLS2, ASS1, RPS1, and RPS2 were revealed to be greater than the average standardized weight. Therefore, these criteria were converted into solutions to be prioritised for improvement. In Table 8, the top three solutions to be prioritised for improvement were, in order, PB-S1, RQ-S3, and PB-S2; the last three solutions were, in order, VS-S3, VS-S1, and RQ-S1. As for yards, the top three criteria with which engineers were most and least satisfied were, in order, RLY3, RLY2, and RLY1 and TGY1, RPY1, and EPY2, respectively. Finally, the three solutions most and least prioritised by the evaluation team for improvement were, in order, RQ-Y2, PB-Y1, and RQ-Y1 and VS-S3, VS-S2, and VS-S1, respectively.

With respect to the engineers’ satisfaction with the services of SRSPs, the engineers were generally satisfied with the repair service, including control over the repair schedule and progress and the professional repair ability of satellite repair shops. Contrarily, the engineers were least satisfied with the criteria on repair costs, discounts, and payment conditions. The solutions relating to these criteria were also prioritised by the evaluation team. The theoretical results revealed that both engineers and senior managers were unsatisfied with the repair costs, discounts, and payment conditions and expected them to be improved. In sum, to increase the service satisfaction of ship-owners, SRSPs must make suitable improvements to these financial terms. Furthermore, shops must provide internal employees with educational training in professional ship repairs, and yards must improve on the repair technique standards and work dedication of technicians and on-site workers.



(2)Policy-related outcomes: In terms of service quality, shops must prioritise making improvements based on the PB-S1 solution, specifically, repair costs and discounts. Yards must prioritise making improvements based on the RQ-Y2 solution, namely repair quality and guarantee operations. The top three solutions selected by the evaluation team for prioritised improvement were repair costs, discounts, repair quality, and guarantee operations. This suggests that senior managers are largely concerned about repair costs and repair quality. From a corporate policy perspective, maintaining the seaworthiness of ship is essential to achieving sustainable operations and corporate social responsibilities. To this end, ship-owners must adhere to the ISM Code and follow ship management and operation procedures. Maintenance and repair operations are essential for reducing ship operation costs. Effective management of ship repairs minimizes repair costs, enables ships to pass Flag, PSC, and CLASS inspections, and ensures the safety of crew, ship, cargo, and ocean environment. Furthermore, the annual budget for repair costs is slightly lower than crew salary and account for the second largest fixed cost of ship-owners. Because crew salary cannot be reduced, ship-owners must save on repair expenses without jeopardizing the seaworthiness of ships.



Additionally, each ship repair session incurs considerable expense, regardless of the size of repairs. A ship’s repair schedule may delay its navigation schedule, and while ships were arranged to voyage or docking repairs are unable to operate, resulting in considerable losses. Therefore, if SRSPs cannot complete the damaged equipment repairs within desired timeframe, particularly repairs that can only be performed during docking, the ship-owner incurs additional repair costs from the necessary session of docking repairs. Accordingly, repair quality and guarantee operations are crucial to ship. The evaluation team further reported that each docking repair costs approximately US$100,000 to US$1,000,000. Therefore, the accounting department of listed shipping companies generally amortize docking repair costs over a 5-year period according to the regulations of the accounting system to avoid sudden and dramatic changes in the monthly income statement.



(3)Management-related outcomes: The engineers are responsible for reducing repair costs and improving repair quality. Therefore, they must devise a planned maintenance system (PMS), teach crews to properly operate ship equipment according to equipment instructions, and perform regular maintenance according to PMS to reduce the attrition rate of ship’s structure and machinery. Through these actions, the demand for contract based SRSPs can be reduced, and the scope of the repairs minimized. Furthermore, selecting SRSPs with excellent repair techniques ensures high-quality repairs and quality guarantee. This reduces the repairs required and prevents additional losses. Finally, ship-owners can perform regular service quality evaluation of contracted SRSPs to ensure consistent service quality. If SRSPs are unable to provide high-quality service, perform the required repairs, and guarantee for repair quality, ship-owners may penalize SRSPs or revoke their contract. Therefore, these SRSPs must prioritise enhancing repair quality, improving service attitude, guaranteeing for repair quality, and implementing preventative and inspection measures for work safety accidents. This includes hiring technicians with excellent repair techniques, strengthening employees’ professional dedication and work safety awareness, enhancing the professional knowledge and service attitude of internal employees, and assigning personnel to regularly patrol and inspect the operation site to prevent work accidents.



Finally, this study focused on FGQFD research to explore the service quality evaluation of SRSPs and obtained some benefit results. Further, it can be used to evaluate the service quality of specific entities or different industries in maritime supply chain. For example, maritime supplies suppliers, port authorities, port agency, shipbuilding yards, ship registration ports, and ship classification societies, etc.
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Table 1. The aspects and evaluation criteria for SRSP
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Appendix Table 4. The investigation results of the important factors for repair shipyards
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Source: Lu et al. (2018).
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Appendix lable 1. The length of service for all respondents
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Appendix lable 3. The mnvestigation results of the satistaction factors for repair workshops
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Cy 4 5 18 3 3 81.82 1818  3.728 12 1.053
C, 4 15 14 57.58 4242 4.246 9 0.684
C,, 4 10 16 3 4242 57.58  4.466 3 0.833
Cyy 1 6 20 6 2121 78.79  4.887 1 0.704
Cy 3 17 13 60.61 3939  4.255 8 0.637
C,, 1 19 10 3 60.61 3939 4402 4 0.711
C; 6 8 18 1 4242 57.58  4.341 6 0.830
Cp 7 9 13 4 4848  51.52 4316 7 0.969
Cy 5 22 6 81.82 1818  3.988 10 0.585
C,, 11 15 7 78.79 2121  3.810 11 0.740
Cs, 8 3 14 8 3333 66.67  4.525 2 1.109
Cy 6 8 17 2 4242  57.58 4.365 ) 0.869
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Appendix Table 2. The investigation results of the important factors for repair workshops

Cumulative responses

1 2 3 4 5 6 7
Sub- i i Under Above  Geo.

Eriteria l?:lei:l)l]— s ﬁ::tmﬂ-e Fair I::::::— Import- ]n\::;{'t» 4(%) 5(%) Mean Ranks 5.

portant po(rltjz;m portant F) ant (;l; ant

Vu) (AU) (AD VD
(e 1 2 2 16 12 9.09 90.91 5.997 7 0.980
Cp, 3 3 9 11 7 18.18  81.82 5338 12 1.202
Cyy 6 13 10 4 18.18  81.82 5285 13 0.929
Cy 1 3 11 18 3.03 96.97 6.341 4 0.788
Cy 1 1 9 22 3.03 96.97 6.532 2 0.708
[ 1 4 28 0.00  100.00  6.801 1 0.465
€5 4 9 14 6 12.12 87.88 5.590 9 0.924
Cs, 5 10 13 5 15.15 84.85 5.465 11 0.938
C, 1 1 11 20 3.03 96.97 6471 3 0.712
Co 3 7 18 5 9.09 90.91 5.695 8 0.830
Cs 1 1 6 13 4 8 24.24 75.76 4.933 14 1.431
Cy 1 1 3 17 11 6.06 93.94 6.009 6 0.914
Cy 4 17 12 0.00 100.00  6.207 5 0.663
Cyy 1 1 7 18 6 6.06 93.94 5.554 10 1.119

Source: Lu et al. (2018).
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RLSI | 075 | 063 | 069 | 050 | 075 | 075 | 031 | 063 | 044 | RLY2 | 069 | 044 | 044 | 050 | 0.63 | 050 | 038 [ 050 | 013
RLS2 | 063 | 056 | 038 | 056 | 063 | 063 | 038 | 050 | 044 | RLY3 | 056 | 0.50 | 044 | 0.63 | 0.69 | 044 | 031 | 038 | 031
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ASS2 | 063 | 069 | 069 | 063 | 069 | 075 | 069 | 069 | 069 | ASY2 | 063 | 069 [ 069 | 0.69 | 0.69 | 0.69 | 069 [ 069 | 0.00
ASS3 | 044 | 056 | 050 | 056 | 056 | 063 | 056 [ 069 | 050 | ASY3 | 050 | 056 | 0.56 | 0.56 | 0.69 | 0.75 | 056 [ 056 | 0.00
RPSI [ 063 | 044 | 044 | 050 | 050 | 050 | 044 | 038 | 025 [ RPYI [ 069 | 025 | 0.50 [ 056 [ 069 | 044 | 050 | 038 | 050
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‘lable 6. The TFNs in HoQ relationship matrix for Repair yards

solutions PB RQ vs
TFNs
CS‘Z”"‘ PB-Y1 PB-Y2 PB-Y3 RQ-Y1 RQ-Y2 RQ-Y3 VS-v1 VS-v2 VS-Y3
ode
TGYD | (0.44,0.69,0.94) | (038,0.63,0.88) | (0.25,0.50,0.75) | (0.06,031,0.56) | (0.44,0.69,0.94) | (0.25,0.50,0.75) | (0.25,0.50, 0.75) | (0.19, 0.4, 0.69) | (0.19, 0.44, 0.69)
TGY2 | (0.19,044,0.69) | (031,0.56,0.81) | (0.06,0.25,0.44) | (0.00,0.06, 0.13) | (0.25,0.50,0.75) | (0.13,0.38, 0.63) | (0.00, 0.19, 0.38) | (0.00, 0.00,0.00) | (0.00, 0.00, 0.00)
TGY3 | (031,0.56,081) | (0.31,0.56,081) | (0.06,0.19,0.31) | (0.00,0.06,0.13) | (0.25,0.50,0.75) | (0.13,0.38,0.63) | (0.00, 0.19, 0.38) | (0.00, 0.00, 0.00) | (0.0, 0.00, 0.00)
TGY4 | (025.0.50,0.75) | (0.44,0.69,0.94) | (0.06, 025, 0.44) | (0.00,0.06, 0.13) | (0.25,0.50, 0.75) | (0.13,0.38, 0.63) | (0.0, 0.19, 0.38) | (0.00, 0.00, 0.00) | (0.00, 0.00, 0.00)
RLYD | (0.44,0.69,094) | (0.31,0.56,0.81) | (0.50,0.75,1.00) | (0.19, 031, 0.44) | (0.44,0.69,0.94) | (0.44,0.69,094) | (0.19,0.31,0.44) | (025, 0.50, 0.75) | (0.00, 0.00,0.00)
RLY2 | (0.44,0.69,094) | (0.25,0.50,0.75) | (0.19,0.44,0.69) | (0.19, 0.4, 0.69) | (0.38,0.63, 0.88) | (0.25.0.50,0.75) | (0.13,0.38,0.63) | (025, 0.50,0.75) | (0.00,0.13,0.25)
RLY3 (0.31,0.56,0.81) [ (0.38,0.63, 0.88) | (0.19,0.44,0.69) | (0.31, 0.50, 0.69) | (0.44, 0.69, 0.94) | (0.19, 0.44, 0.69) | (0.06, ,0.56) [ (0.19,0.38, 0.56) | (0.13,0.31, 0.50)
RLY4 (0.31,0.56,0.81) | (0.44,0.69,0.94) | (0.25,0.50,0.75) | (0.31, 0.50, 0.69) | (0.31,0.56, 0.81) | (0.19, 0.44, 0.69) | (0.06, 0.44) | (0.00, 0.00, 0.00) | (0.00, 0.00, 0.00)
RLYS (0.19,0.44,0.69) | (0.38,0.63, 0.88) | (0.06,0.31,0.56) | (0.00, 0.06, 0.13) | (0.38, 0.63, 0.88) | (0.13, 0.38, 0.63) | (0.06, 0.19, 0.31) | (0.50, 0.75, 1.00) | (0.00, 0.13, 0.25)
ASYL | (044,0.69,0.94) | (0.38,0.63,088) | (038,063, 0.88) | (0.06,025,0.44) [ (0.50,0.75. 1.00) | (0.25.0.50,0.75) | (0.19. 0.4, 0.69) | (0.38, 0.63, 0.88) | (0.0, 0.00. 0.00)
ASY2 | (038,063, 0.88) | (0.44,0.69,0.94) | (044, 0.69,0.94) | (044,069, 0.94) | (0.44, 069, 0.94) | (0.44, 069, 0.94) | (0.4, 0.69, 0.94) | (0.44, 0.69. 0.94) [ (0.00, 0.00, 0.00)
ASY3 | (025,050,0.75) | (031,0.56,0.81) | (031,0.56,0.81) | (031,056, 0.81) | (0.44,0.69,0.94) | (050, 0.75, 1.00) | (0.31,0.56, 0.81) | (031,056, 0.81) | (0.00, 0.00, 0.00)
RPY1 [ (0.44,0.69,0.94) | (0.31,0.56,081) | (0.25,0.50,0.75) | (0.00,0.25,0.50) | (0.44, 0.69, 0.94) | (0.19, 0.44, 0.69) | (0.25,0.50,0.75) | (0.13, 038, 0.63) | (0.25,0.50,0.75)
RPY2 [ (0.25,0.50,0.75) | (0.00,0.00, 0.00) | (0.19, 0.44, 0.69) | (0.13,0.25, 0.38) | (0.13,0.25, 0.38) | (0.31,0.56, 0.81) | (0.50, 0.75, 1.00) | (0.0, 0.00, 0.00) | (0.0, 0.00, 0.00)
EPYD | (031,0.56,081) | (0.00,0.06,0.13) | (0.19,0.31,0.44) | (0.00, 0.06, 0.13) | (0.25,0.38, 0.50) | (0.00,0.06, 0.13) | (0.00, 0.06, 0.13) | (0.00, 0.06, 0.13) | (0.44, 0.69,0.94)
EPY2 | (0.44,0.69,094) | (0.06,025,044) | (0.06,0.31,0.56) | (0.06, 025, 0.44) | (0.31.0.56,0.81) | (0.00,0.25,0.50) | (0.06.0.25,0.44) | (0.13,025,038) | (0.19,0.38,0.56)
EPY3 | (031,0.56,0.81) | (0.00,0.06,0.13) | (0.50,0.75, 1.00) | (0.44, 069, 0.94) | (0.06, 0.13, 0.19) | (0.13,0.25,0.38) | (0.31,0.50, 0.69) | (0.06, 0.13, 0.19) | (0.00, 0.00, 0.00)
EPY4 | (0.19,0.44,0.69) | (0.19, 044, 0.69) | (0.38, 0.63,088) | (038, 0.63, 0.88) | (0.4, 0.69, 0.94) | (0.13,0.25,0.38) | (0.13.0.38,0.63) | (0.13, 025, 0.38) | (0.25,0.50,0.75)
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‘Table 5. The TENs in HoQ relationship matrix for Repair shops

Tech-
nical PB RQ Vs

solutions
TFNs

Criteria PB-S1 PB-S2 PB-S3 RQ-S1 RQ-S2 RQ-S3 VS-St Vs-$2 VS-s3
Code

TGSI | (050,075, 1.00) | (0.25,0.50,0.75) | (031,056, 0.81) | (0.38,0.63, 0.88) | (0.4, 0.69, 0.94) | (0.44,0.69, 0.94) | (0.19,0.44,0.69) |(0.19,0.44,0.69) | (0.06,0.31,0.56)
TGS2 | (031,0.56,081) | (0.25,0.50,0.75) | (0.06,0.25,0.44) | (0.38,0.63, 0.88) | (0.13,038,0.63) | (0.31,0.56,0.81) | (0.06,0.25,0.44) |(0.25,0.50,0.75) | (0.06,0.19,0.31)
TGS3 | (0.25,0.50,0.75) | (0.19, 044, 0.69) | (0.19,044,0.69) | (0.13,0.38,0.63) | (0.00,0.13,0.25) | (0.25,0.50,0.75) | (0.00,0.06,0.13) [ (0.13,0.38,0.63) | (0.00,0.00,0.00)

RLS1 [ (0.50,0.75,1.00) | (0.38,0.63,0.88) | (0.44,0.69,0.94) | (0.25,0.50,0.75) | (0.50,0.75,1.00) [ (0.50,0.75,1.00) | (0.13,031,0.50) | (038,0.63,088) | (0.25,044,0.63)
RLS2 [ (0.38,0.63,0.88) | (0.31,0.56,0.81) | (0.13,0.38,0.63) | (0.31,0.56,0.81) | (0.38,0.63,0.88) | (0.38,0.63,0.88) | (0.13,038,063) | (025,050,075) | (0.19,0.44,0.69)
RLS3 [ (0.38,0.63,0.88) | (0.38,0.63, 0.88) | (0.19,0.44,0.69) | (0.38,0.63, 0.88) | (0.44,0.69,0.94) | (0.38,0.63,0.88) | (013,038,063 | (025,050,075 | (0.19,0.38,0.56)

ASS1 [ (0.38,0.63,0.88) | (0.44,0.69,0.94) | (0.38, 0.63, 0.88) | (0.38,0.63,0.88) | (0.50,0.75, 1.00) | (0.50,0.75, 1.00) | (0.19,0.44,0.69) | (0.19,0.44,0.69) | (0.06,0.19,0.31)
ASS2 [ (0.38,0.63,0.88) | (0.44, 0.69, 0.94) | (0.44,0.69,0.94) | (0.38,0.63,0.88) | (0.44,0.69,0.94) | (0.50,0.75, 1.00) | (0.44,0.69, 0.94) | (0.44,0.69,0.94) | (0.4, 0.69,0.94)
ASS3 [ (0.19,0.44,0.69) | (0.31,0.56,0.81) | (0.25,0.50,0.75) 50.56,0.81) | (0.31,0.56,0.81) | (0.38,0.63,0.88) | (0.31,0.56,0.81) | (0.44,0.69,0.94) | (0.25,050,0.75)

RPSI [ (0.38,0.63,0.88) | (0.19, 0.44,0.69) | (0.19,0.44,0.69) | (0.25,0.50,0.75) | (0.25,0.50,0.75) | (0.25,0.50,0.75) | (0.19, 0.44,0.69) | (0.13,0.38,0.63) | ~(0.00,0.25,0.50)
RPS2 [ (0.25,0.50,0.75) | (0.4, 0.69,0.94) | (0.31,0.56,0.81) | (0.06,0.13,0.19) | (0.13,0.25,0.38) | (0.13,025,038) | (0.50,0.75,1.00) | (0.31,0.56,0.81) | (0.00,0.00,0.00)

EPSI | (0.44,0.69,0.94) | (0.13,038,0.63) | (0.13,0.38,0.63) | (0.06,0.31,0.56) [ (0.13,0.38,0.63) | (0.19,0.44,069) | (0.06,0.19,031) | (0.06, (0.00,0.13,025)
EPS2 | (0.38,0.63, 0.88) | (0.38,0.63,0.88) | (0.38,0.63, 0.88) [ (0.0, 0.13,0.25) | (0.44,0.69,0.94) | (0.19,031,044) [ (0.19.031,044) | (0.1 (0.25,0.44,0.63)
EPS3 | (0.31,0.56,0.81) | (031,056, 0.81) | (0.38,0.63,0.88) | (0.00,0.13,0.25) [ (0.19,0.38,0.56) | (0.19,0.38,056) | (0.00,0.13,0.25) | (0.13,025,038) | (0.25,050,0.75)
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‘Table 4. The technical solutions for Repair Yards

Aspect Technical solutions Content Sources
The repair costs and discounts provided by re- TGY1, RPY1,
pair yards determine ship’s repair cost. To reduce EPY2
PB-YI: financial pressure, ship-owners often request
Have reasonable pricing, discounts, lower repair costs, higher discounts, and more
and payment methods flexible payment durations and methods; this
allows ship-owners to have flexible control over
repair costs.
PB: Because repair yards provide a larger variety and Ship-owners
: scope of repairs than repair shops, repair yards
Professional e
5 boast a large organization, scale, and resources.
business manage- . 5 . i
PB-Y2: Accordingly, repair yards are equipped with more
ment . i 8
Professional human resources and human resources. The business representatives
high operation efficiency and production managers of repair yards tend
to have received more professional training and
knowledge than those of shops in terms of pricing
conditions, repair techniques, and service quality.
PB-Y3: EPY3
Operate and manage favourable cus- Same meaning detailed as in PB-S3.
tomer relationships
Because ship repairs are time-consuming and in- RLY1
cur considerable costs, ship-owners generally ex-
RQ: RQ-YI: pe_cﬁ yards _to complete repairs within the shortest
5 . . . time possible to reduce repair costs. Therefore,
Highly reliable Have excellent techniques and dedi- or i .
: N A the professionalism, technique standards, and
repair quality cated work attitude

work dedication of ship repair managers, tech-
nicians, and on-site workers is crucial for their
influence on ship repair duration and quality.
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Aspect

Technical solutions

Content

Sources

RQ-S3:
Provide high-quality
repairs and conduct guar-
antee operations

Because ships may not berth at ports for 1 month or lon-
ger following departure, low-quality repairs may result in
ship-owners refusing to arrange future repairs with repair

shops and could also jeopardize ship’s seaworthiness. There-
fore, the repair quality is vital to ship’s safety. Repair shops
that must perform a second round of repairs as a result of ini-
tial low-quality repairs are held responsible for the guarantee
of repair outcomes.

ASS1

VS:
High value-added
service

VS-S1:
Implement preventative
and inspection measures
for work safety accidents

The increase in labour safety awareness has prompted repair
shops to implement preventative measures in repair opera-
tions to avoid occupational hazards and work safety acci-

dents. Medium-scale and large-scale repair shops generally

establish safety and security guidelines or inspection check-
lists for safe operations.

RPS2

VS-82:
Have certification and
authentication from
makers

The repairs and inspection of specific ship equipment must
be performed by maker (original equipment manufacturer).
Because these makers only provide technician services at
specific ports, ships-owners may encounter difficulty access-
ing repair services during navigation. Therefore, repair shops
that obtain certification and authentication from makers can
provide required services.

Ship-owners

VS-S3:

Provide repair specifica-
tions to record the repairs
and services

Repair shops can record and provide comprehensive specifi-
cations on repairs and services to ship. Through this, repair
shops can accelerate the payment process, increase the ease of’
future repairs to ships, and assist ship-owners in understand-

ing ships’ condition, repair history and costs.

Ship-owners
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Table 3. The technical solutions tor Repair Shops

Aspect Technical solutions Content Sources
PB-S1: Ship repair costs and discounts determine ship-owners’ operation TGSI,
Offer reasonable costs and expenditure. Repair shops charging reasonable costs RPS1
repair costs and and offering favourable discounts can reduce ship-owners’ cost
discounts expenditure.
Repair shops must actively communicate information related to Ship-owners
PB-S2: ship repairs with ship-owners, agencies, and port authorities, such
PB: Professional shore as that which affects the sailing schedule, whether technicians are
Professional busi- | personnel with high present onboard, and delivery of supplies to the ship. To achieve
ness management | operation efficiency these requirements, repair shops must be equipped with profes-
sional personnel who have completed relevant training.
3 Maintaining a favourable customer relationship with ship-own- Ship-owners
FB=551 ers is conducive to repair shops receiving more repair orders,
Operate pndmanage iding obstacles in the inspection process, to preventin
favourable customer 1.0 it " P pr i ting
. . ship-owners from refusing to pay full repair cost after repairs are
relationships 2 : £
complete, and to accelerating the receipt of repair fees.
RQ-SI: Owing to the numerous repair items of a ship, one repair shop RLS2
Collaborates with may be unable to complete all repairs within the required
satellite repair shops timeframe. Therefore, repair shops can enlist the assistance of
RQ: to obtain repair satellite repair shops to complete all repairs within the shortest
Highly reliable support time possible.
repair quality RQ-S2: The scale of machines and factories owned by the repair shop RLS1

Have excellent tech-
niques and dedicated
work attitude

determines its repair speed and quality. However, technicians’
technique and work attitude also play key roles in repair progress
and quality.
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Table 2. The values of mean and weight ot evaluation criteria for SR5Ps

Repair Shops Repair Yards
Mean Mean
—_—— Mean Original Stan- —_— Mean Original ~ Stan-
Aspect 1
Specs Cg::lr:a l::l'::z satisfac-  Weight  dardized Cg;;n:a :::ltzr satisfac-  Weight dardized
tion (B) A*(8-B)  Weight tion (B) A*(8-B) Weight
) (A)
; TGSI 609091 330303 28.60882 0.09081 | LOY! 624242 357576 27.61800  0.06822
Tangibles TGY2 533333 412121 20.68687 0.05110
TGS2  5.66667 430303  20.94949  0.06650
(TG) TGS3  ssasas 445455 1966116 00eaal | TGY3 539394 418182 2059504  0.05088
: ’ ’ : TGY4 548485  4.09091 21.44077 0.05296
RLYI 654545 445455 2320661 0.05733
Reliabiliy | RLSI 639394 430303 23.63820 0.07503 | RLY2 615152 454545 2125069 005250
&0} Y| ORLS2 657576 4.54545 2271625 007211 | RLY3 675758 475758 2191093 0.05413
RLS3  6.81818  4.93939 20.86777 0.06624 | RLY4 645455 442424 23.07989 0.05701
RLYS 551515 436364 2005510 0.04954
Assurance | ASSI 651515 442424 2329660 0.07395 | ASYl 669697 433333 2455556  0.06066
4S) ASS2 575758 442424 2058770 0.06535 | ASY2 581818 439394 20.98072 0.05183
ASS3 521212 4.03030 2069054 0.06568 | ASY3 557576  4.06061 21.96511  0.05426
Rijs‘r"""' RPSI 548485 333333 2559596 008125 | RPYI 557576  3.66667 24.16162 0.05969
s (;Pe)ss RPS2 609091 387879 2510193 007968 | RPY2  6.18182  3.90909 2528926  0.06247
EPSI 536364 387879 2210468 007016 | EPYD 572727 4ISIS2 2204132 0.05445
Empathy . EPY2 542424 378788 22.84757  0.05644
EPS2 624242 4.66667 20.80808  0.06605
(EP) EPS:  S7975% 445455 2041322 0ocago | EPY3 624242 424242 2345638 0.05794
i g ’ ; EPY4 545455 439394 19.66942  0.04859
Average 596537  4.20996 0.07143 5.92088  4.19192 0.05556
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Appendix Table 5. The investigation results ot the satistaction factors for repair shipyards

Cumulative responses

1 2 3 4 5 6 7
Sub- . Under Above  Geo.
Ve Unim- 5 " a
criteria U:irmy_ ':n"i Alittle Alittle Im- Very  4(%) 5(%) Mean R2PK SD.
ortant pam unimport- Fair (F)  Important  port- Import-
p(VU) ) ant (AU) (AI) ant (I) ant (VI)
(e 4 14 7 8 54.55 4545 3436 18 1.001
C 4 14 4 11 54.55 4545  3.506 17 1.080
Cs 4 20 9 72.73 2727  4.105 11 0.619
Cis 1 11 15 6 81.82 18.18  3.706 16 0.781
Ci 4 11 17 1 4545 5455  4.387 3 0.754
Cy 4 11 14 4 4545 5455  4.460 2 0.869
Cyx 4 7 18 1 3 3333 66.67  4.647 1 1.032
C. 8 4 20 1 3636  63.64 4324 5 0.902
C, 1 3 20 9 7273 2727  4.055 12 0.696
C 1 3 18 11 66.67 3333 4.110 10 0.727
Cs; 1 6 15 11 66.67  33.33  4.004 14 0.805
Cy 1 6 6 20 3939 60.61  4.256 7 0.895
Ca 3 4 6 19 1 3939 60.61 4175 8 1.051
Ce 1 19 12 1 60.61 3939 4354 4 0.609
Ci 1 29 3 90.91 9.09  4.047 13 0.348
C, 12 12 9 72.73 2727 3.829 15 0.805
Cs 10 7 14 2 51.52 4848  4.130 9 0.969
& 8 9 11 5 51.52 4848 4273 6 1.029






