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Abstract

:

This study aims to develop professional competence indicators for underwater welding technicians for offshore wind power generation in Taiwan. A literature analysis methodology was employed to gather and investigate research studies related to competence indicators in the underwater welding domain of offshore wind power generation. Subsequently, the Delphi method was utilized to conduct a three-round questionnaire survey, aiming to seek expert opinions regarding the appropriateness and differentiation of these competency indicators. To examine the consistency and significance of expert opinions, the data were subjected to K–S single-sample analysis and K–W one-way analysis of variance. The study identified three main dimensions of professional competency indicators for underwater welding technicians in offshore wind power generation: professional skills, professional knowledge, and workplace attitudes. These dimensions further led to the identification of 10 sub-dimensions, including equipment operation, welding practice, welding inspection, metal materials, welding graphics, occupational safety, quality standards, process improvement, self-management, and teamwork. These sub-dimensions further informed the identification of 75 specific behavioral components as criteria. This study provides findings to enhance future staff training and talent recruitment, benefiting relevant units and managers. These results contribute to enhancing the competence and performance of personnel in underwater welding for offshore wind power generation.
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1. Introduction


In response to the global warming issue, major countries around the world have focused on the development of green energy with clean, low-temperature greenhouse gas emissions and self-sufficient characteristics as one of the key considerations in future energy policies [1,2]. Taiwan is also actively promoting the emerging 3E green energy industry, green production equipment, and technological projects that emphasize energy saving, environmental protection, and economic development. These initiatives not only drive industrial transformation but also create increased demand for talent and job opportunities in the market, positioning workers in the green energy industry as in-demand green-collar professionals. Among all renewable energy sources, in addition to large-scale hydropower, wind power and solar photovoltaic have received significant global attention. Among these, wind power is one of the most mature and commercially viable renewable energy technologies with promising prospects for commercial development [3]. According to the “Global Offshore Wind Speeds Rankings“ by 4C Offshore, the Taiwan Strait is a prime region for resources worldwide. Among the top 20 offshore wind sites with the most favorable wind conditions, the Taiwan Strait accounts for 16 of them [4]. Furthermore, the National Aeronautics and Space Administration (NASA) indicates that the coastal region of Changhua consistently experiences wind speeds exceeding 7 m/s throughout the year, with an average wind power density surpassing 750 W/m2. This unique and advantageous environment has led to the development of the largest-scale offshore wind farms within this region in Taiwan [5]. Various studies have consistently demonstrated the excellent wind energy resources in Taiwan, particularly in offshore wind power generation, which exhibits significant development prospects and potential. Consequently, the government has been continuously revising and expanding its renewable energy goals over the years. In 2010, a target of 10,858 MW was announced, followed by a revision in 2011 to increase the target to 12,502 MW. In 2014, the target was further elevated to 13,750 MW, and in 2015, a substantial revision was made to the new energy policy goal, aiming to raise the proportion of renewable energy generation to 20% by 2025 [6]. The detailed contents of the plan are presented in Table 1.



Under the policies and trends of the green energy industry, certain issues arise in terms of infrastructure, localization of the industry chain, and the demand for green manpower. The “4-Year Offshore Wind Power Promotion Plan” produced by Taiwan’s Bureau of Energy, Ministry of Economic Affairs, implements a policy of “demonstration first, potential second, and block development later”, as well as a policy of “shallow waters first, deep waters later” for offshore wind power installation. Due to favorable policy factors, numerous Taiwanese companies have entered the offshore wind power industry, producing components for offshore wind turbines. In the construction of offshore wind farms, apart from the core offshore wind turbine, the most crucial aspect is the sturdy construction of the turbine tower and underwater foundation to withstand Taiwan’s natural disasters and environmental threats. The construction of underwater foundations is an essential part of the localization of the wind power industry in Taiwan [6].



According to the preliminary requirements of the “Industrial Development Plan” produced by the Bureau of Industrial Development, Ministry of Economic Affairs, offshore wind farm developers are required to commit to using underwater foundations manufactured by domestic companies. This has attracted various companies to enter this field, and the demand for welding professionals has also increased to enhance the capacity to produce underwater foundations [7]. Taking into account safety, economic value, and referencing the development trends in offshore wind power in Europe and America, most domestic wind farm developers prefer to use monopile foundations and jacket foundations as their main products. Monopile foundations are chosen due to their simple structure, low manufacturing costs enabled by automated welding equipment, and sufficient structural strength and support capabilities. They are suitable for the hard seabed soil on the northwest coast north of Miaoli. On the other hand, jacket foundations have a more complex overall structure and often require manual welding techniques, making them more expensive to produce. However, they possess relatively stronger structural strength and can withstand Taiwan’s harsh weather conditions. They are suitable for the soft seabed soil on the southwest coast south of Miaoli [8].



The construction techniques for offshore wind power projects are not only challenging but also require specialized expertise. As Taiwan is still in the early stages of offshore wind power development, many underwater foundation welding techniques need to be learned from Europe. Based on the experience of several European underwater foundation manufacturers, the fabrication of underwater foundations mainly involves the assembly of steel structures, with a significant demand for skilled welding personnel. Each production line requires at least 200 professional welders, and during peak periods, may accommodate up to 600 welders working simultaneously [9].



Therefore, the demand for welding professionals is also a challenge that domestic manufacturers face when entering the production process. For offshore wind power developers in Europe, apart from manufacturing capabilities, one of the most important aspects is having engineering expertise that meets international certifications. Not only must welding personnel qualifications meet the requirements of ISO 9606-1:2012 [10], but compliance with EN 1090-1: 2009 + A1:2011, EN 1090-2:2018, EN 1090-3:2008, EN 1090-4:2018, EN 1090-5:2017 (EU structural steel certification) [11,12,13,14,15] and ISO 3834-1:2021, ISO 3834-2:2021, ISO 3834-3:2021, ISO 3834-4:2021 (welding quality management system certification) [16,17,18,19] has also become one of the qualification requirements for manufacturing companies. This serves to demonstrate that their welding engineering management adheres to international standards [20].



Welding is an indispensable foundational technique in industry, with applications in various large structures such as steel buildings, bridges, boilers, storage tanks, chemical equipment, machinery, vehicles, ships, aircraft, offshore wind power substructures, and towers. Its application scope is extensive. In the construction of offshore wind power substructures, the selection of steel materials must meet the stringent weather conditions in Taiwan. High-strength steel plates certified by DNV-GL (Det Norske Veritas-Germanischer Lloyd) specifications, such as S355ML, S420ML, S460ML, S555ML, are chosen for this purpose [21]. When welding steel materials, it is crucial to control the preheating temperature and employ appropriate heat treatment procedures to avoid temperature-induced changes in the base material’s properties and ensure compliance with quality requirements. The quality of welding has a significant impact on the structural integrity and safety of the products. However, relying solely on post-weld inspections is insufficient to guarantee that the quality meets the requirements. Proper control measures must be implemented throughout the manufacturing process, including pre-weld design, material selection, construction, and inspections. This comprehensive approach ensures that the quality of the welded joints meets the required standards [22]. Especially for jacket-type substructures in offshore wind power, the structural components are predominantly composed of pipe steel. The fabrication of joint steel pipe openings is complex, making it impractical to use automated equipment for welding operations. Moreover, the joint design involves multiple orientations and various joint configurations such as T-shaped, Y-shaped, K-shaped, X-shaped, and saddle-shaped joints. These require skilled welding techniques performed by manual labor. The welded joints must undergo 100% non-destructive testing and meet the acceptance criteria [23]. Consequently, the welding process planning, expertise, and proficiency of welding personnel significantly impact the quality control activities of the construction company. Welding is considered a specialized process within the quality control framework, highlighting the importance of the professional competence of the related technical personnel. Through the exploration of professional competencies, a comprehensive understanding of the required skill sets, including key job tasks, corresponding behavioral indicators, work outputs, knowledge, skills, and attitudes, can be achieved [2,24]. The purpose of this study is to explore and analyze the professional competencies required for welding technicians involved in offshore wind power substructure fabrication. The findings of this study will serve as a reference for future recruitment and training programs for technical personnel.




2. Literature Review


2.1. Construction and Definition of Professional Competencies


The construction and design of competency indicators can be categorized into two main types: quantitative and qualitative. Within these two categories, there are further subdivisions including Delphi method, questionnaire survey method, analytic hierarchy process, factor analysis, nomination group, regression analysis method, professional group model, focus group method, expert judgment method, brainstorming method, and literature review [25]. There are numerous ways to construct competency indicators, but most of them distinguish key competencies based on behavioral capabilities and outstanding performance. It is emphasized that even after constructing the competency model, it is essential to validate its effectiveness [26]. Considering the comprehensiveness of research methods, questionnaire reliability, tight research schedules, and limited resources, the Delphi method is often adopted as the research approach [27,28]. Due to the potential conflicts arising from open discussions or debates during face-to-face meetings, the Delphi method is implemented in an anonymous manner. This allows all experts to express their opinions based on their professional experience without feeling threatened. Through multiple rounds of questionnaire surveys, expert opinions are obtained, analyzed, and consolidated to achieve consensus among the majority of experts. This research method can be considered as a form of collective decision making [29]. The Delphi method offers several advantages, including its cost-effectiveness and convenience. It ensures that experts can freely express their genuine opinions without feeling threatened. However, the multiple rounds of questionnaires can be time-consuming and complex. Additionally, relying on written communication may lead to differences in interpretation and difficulties in integrating opinions [30]. The use of the Delphi method for constructing competency indicators is a widely recognized research approach in academia. In this study, we have also adopted the Delphi method as the primary research method. Through questionnaire surveys, we aim to gather the rich professional experience of Delphi experts, enabling us to enhance the construction of competency indicators for underwater foundation welding technicians in the offshore wind power industry.



With the advent of globalization and changes in industrial structure, talent plays a crucial role in a company’s competitiveness. Enterprises are increasingly emphasizing the development of employees’ competencies, and competency-based talent cultivation and assessment have become mainstream practices. In recent years, the Labor Development Agency has allocated substantial funding to assist organizations in constructing comprehensive competency frameworks. The iceberg theory model, proposed by scholars Spencer and Spencer, divides individual competency traits into the following five categories: motive, trait, self-concept, knowledge, and skill [31]. The knowledge and skills evident above the surface can be enriched through training methods to achieve a transformative effect. However, the implicit core traits below the surface, such as self-concept, personality traits, and motivation, are less susceptible to change and development. The visible information, which accounts for 20% of the iceberg, includes education, experience, expertise, and personal intuition. On the other hand, the submerged portion represents the internalized individual traits, such as thinking patterns, behavioral characteristics, occupational interests, job suitability, or alignment between work and personal interests [32]. The analysis of professional competencies confirms that the performance of professional personnel in their work and tasks goes beyond the combination of knowledge, skills, and attitudes; it also involves the practical application of theoretical concepts [33]. Based on the experiences of different organizations, utilizing competency-based approaches in functions such as recruitment and selection, performance management, and succession planning in human resource management activities can enable organizations to better match individuals with suitable positions and tasks [34]. The importance of competencies lies in assessing one’s strengths and weaknesses, thereby improving individual job performance. By utilizing these competencies, individuals can achieve self-fulfillment through effective communication, coordination, and interdisciplinary thinking [35].



Based on the definitions of professional competence provided by scholars both domestically and internationally, it is evident that professional knowledge, technical skills, and workplace attitudes are essential qualities for individuals and organizations to achieve present and future performance in the workplace. In this study, these three aspects will serve as the core focus, and through a review of the relevant literature and expert interviews, we will examine the job content and professional competencies of welding personnel in the offshore wind power industry, ensuring the appropriateness of the identified competencies for job requirements. This analysis will help identify critical human resource gaps in the industry.




2.2. The Development Status of Offshore Wind Power Underwater Generation Foundations


Green energy is a trend of the future, and Taiwan possesses excellent conditions for its development. The favorable wind resources along the western coast offer enormous investment benefits, particularly in the offshore area of Changhua, which has been planned as the largest wind farm in the country. This has stimulated the development of the related construction industry chain. According to the “Implementation Plan for the Offshore Wind Power Industry” by the Industrial Development Bureau of the Ministry of Economic Affairs, the manufacturing of offshore wind turbine towers and underwater foundations is identified as one of the priority localization projects of the pre-commercialization phase, as shown in Table 2 [7]. Another publication also indicates that a critical factor for ensuring the success of the construction lies in the ability of the underwater foundation to withstand severe weather conditions and challenging terrains while providing robust support for wind power equipment. This is essential to guarantee the normal operation of the wind turbine for a minimum duration of 20 years in a marine environment [36]. As a result, domestic steel structure manufacturers have been attracted to shift their business strategies and venture into the field of manufacturing offshore wind power underwater foundations. Domestic manufacturing and processing companies also possess the capability to produce components. However, domestic manufacturers currently lack experience in the design and manufacturing of underwater foundations. During the manufacturing process, quality inspection and testing must adhere to international standards [37].



The components of an offshore wind turbine include the tower, transition piece, and underwater foundation. The transition piece serves as an intermediate structure connecting the tower to the underwater foundation, while the underwater foundation is responsible for transmitting the upper load to the seabed below the transition piece [38]. Based on the experiences of international wind farm development, the commonly seen types of underwater foundations are as follows: monopile foundation, jacket foundation, tripod foundation, and gravity foundation, as shown in Figure 1. The European Wind Energy Association predicts that significant breakthroughs in underwater foundation development may not occur in the short term. However, in the medium to long term, wind farms are expected to expand into deeper waters. Additionally, in order to increase the power generation capacity of wind turbines, the structures of underwater foundations are likely to evolve towards larger sizes.



The main types of underwater foundations in Taiwan are the monopile and jacket foundations. Monopile foundations are commonly used in seabeds composed of gravel, sand, or clay. The wind turbine tower is connected to the monopile underwater structure through flanges or grout joints, allowing the transfer of the load from the wind turbine system to the supporting seabed foundation. Monopile foundations are typically applied in water depths ranging from 20 to 25 m. They offer advantages such as simplicity in structure, ease of manufacturing, and low development costs. This type of foundation is widely used in offshore wind farms in Europe. Jacket foundations, on the other hand, feature a more complex structure. They consist of a steel truss system formed by the interconnection of four chord members with additional bracing members. The structural components of jacket foundations are primarily steel pipes. The fabrication process involves intricate machining of the pipe openings, which requires the creation of beveled edges. The joint types at the nodes predominantly include T-shaped, Y-shaped, K-shaped, X-shaped, and saddle-shaped configurations, as shown in Figure 2. The design of the nodes is complex, involving multiple directions. Moreover, the welds in the node pipes must undergo 100% non-destructive testing and meet the required standards. Therefore, the manufacturing of jacket foundations poses challenges to the fabricators in terms of welding process planning and the expertise and proficiency of welding personnel [39].



The offshore wind power manufacturing verification regulations have long been dominated by Europe, and the manufacturing criteria follow the requirements of DNV-GL, a Norwegian/German classification society. Taiwan’s experience in underwater foundation processes is still not fully matured. It will take several years of accumulated experience from the manufacturing of offshore wind power equipment and wind farm construction to fully grasp the technology. Moreover, during the initial stage of industry development, manpower and technology heavily rely on foreign suppliers. Therefore, ensuring that Taiwan’s welding technology and workforce can adequately support localized underwater foundation manufacturing and establishing an independent industrial supply chain are crucial and urgent tasks [40].




2.3. Professional Competencies for Underwater Technicians for Offshore Wind Power Generation


Offshore wind power has become an important area of construction in recent years as part of the government’s forward-looking infrastructure initiatives. Due to a lack of domestic expertise in the design and manufacturing of subsea foundations in the early stages of the industry’s development, many manufacturing techniques and workforce requirements rely on assistance from foreign developers. Consequently, the cultivation and recruitment of welding personnel for subsea foundation steel component production and manufacturing management have become urgent issues for domestic companies. The current utilization of talent recruitment by subsea foundation industry companies according to the “Taiwan Offshore Wind Power Subsea Foundation Professional Talent Demand” research report by the Taiwan Advisory and Intelligence Service Program in 2019 is illustrated in Figure 3. The figure shows that 43% of domestic companies reported “difficulties in finding talent” and “insufficient talent”. Additionally, 43% of domestic companies mentioned that “talent supply is limited, but talent can still be found with extended recruitment time”, indicating a “balanced supply and demand” situation. In contrast, only 14% of companies indicated “sufficient talent”, revealing that there is still a shortage of professional talent supply and recruitment in Taiwan’s subsea foundation industry [41]. Based on these findings, although the underwater foundation industry has promising market prospects and related industry chain manufacturers possess basic technical capabilities, the lack of practical experience and high talent requirements result in skill shortages among both existing and new employees, making it difficult to meet industry demands.



In Taiwan, the construction of offshore wind power underwater foundation projects follows the manufacturing standards of DNV-GL (Det Norske Veritas Germanischer Lloyd), and the related certification and regulatory compliance for quality assurance are shown in Table 3. The materials used in underwater foundation construction must undergo various mechanical performance tests according to the DNV-GL standards, while personnel qualifications are certified and accredited based on European ISO standards for welding personnel skills and certifications. The representative standards include ISO 3834-1:2021, ISO 3834-2:2021, ISO 3834-3:2021, ISO 3834-4:2021 Part 1-4 “Quality requirements for welding” [16,17,18,19], ISO 9606-1:2012 [10] “Qualification testing of welders”, and ISO 14732:2013 “Approval testing of welding operators” [42], among others [22].



In place of welding certifications based on foreign standards, the domestic industry in Taiwan primarily relies on the Welding Technician Certificate issued by the Ministry of Labor as the basis for certification. The examination consists of theoretical assessments covering areas such as interpretation and drafting of drawings, material preparation, specimen processing and assembly, welding construction, slag removal, weld inspection, industrial safety and hygiene, and professional ethics. Additionally, there are practical assessments focusing on variations in workpiece specifications and welding positions, as shown in Table 4. Considering the higher requirements for underwater foundation welding technology, certain qualifications are required for personnel involved in underwater welding for offshore wind power. On-site welding technicians must possess skills in 6G-pipe axis 45° fixed joint welding or 6GR (6G + restricted ring) welding, along with documented records of welding technician qualifications. Only personnel certified in 6G/6GR welding technology are permitted to engage in the manufacturing and welding processes of underwater foundations [40].



Underwater welding is a process in which heat is generated underwater using methods such as gas flame, arc, or resistance heating to fuse two or more pieces of metal or non-metal together. Due to reduced visibility underwater and limited freedom of movement, there is an increased risk of welded joint defects [57]. In addition, the high cooling rate, the high hydrogen content in deposited metal, and residual stresses in the underwater welding environment can also have an impact on the quality of the joints [58]. Common welded joint defects include cold cracks, hot cracks, porosity, lack of fusion, slag and slag-lines, end cracks, lack of penetration, burn through, and undercuts, etc. [59]. Due to the particular characteristics of underwater welding processes, advanced techniques and adherence to appropriate technological regimes are necessary to ensure welding quality. Currently, common welding methods used in underwater foundation welding processes for offshore wind power generation include Shielded Metal Arc Welding (SMAW), Submerged Arc Welding (SAW), Gas Metal Arc Welding with inert gas (GMAW), and Flux-Cored Arc Welding (FCAW) [60]. Flux-Cored Arc Welding (FCAW) is commonly used in the industry due to its advantages such as smooth arc characteristics, minimal spatter, high deposition rates, and suitability for all-position welding. Although FCAW tends to produce more fume and slag during the welding process, its high welding efficiency outweighs these drawbacks. As a result, FCAW is widely adopted in the industry [61]. Defects in welded joints can have an impact on the strength, fatigue life, and structural deformation of metal structures. Therefore, effective methods need to be employed during or after the welding fabrication process to eliminate residual stresses, and enhance the strength, dimensional stability, and fatigue life of the welded structures. Currently, one of the more advanced methods is Ultrasonic Impact Treatment (UIT). UIT involves supplying energy to an ultrasonic transducer to excite the resonant pulses in an acoustic-tuned object. The high-frequency pulses are directed into the surface of the object being treated through specially designed steel needles, eliminating harmful residual tensile stresses and introducing compressive residual stresses in the surface layer of metals and their alloys. This helps reduce stress concentration in the weld toe region, improves the mechanical properties of the surface layer, and increases material fatigue life. UIT is characterized by its lightweight and compact equipment, good controllability, flexible and convenient use, minimal noise, high efficiency, minimal restrictions in application, suitability for various welded joints, low cost, and energy efficiency, making it an effective technique for increasing the fatigue life of welded components while being environmentally friendly [62,63].



Due to the emphasis on welding technology and quality management in the fabrication process of offshore wind power substructures, particularly for jacket-type substructures that often cannot utilize automated welding processes, manual welding techniques are required at critical joints to overcome manufacturing challenges. Moreover, the base material used is ultra-thick high-strength steel, which necessitates compliance with specified heat treatment procedures prior to welding operations. The difficulty level of welding techniques is significantly high, thereby driving the demand for technical personnel in the industry. Therefore, the professional training of welding and cutting practitioners becomes even more crucial. The training channels for welding personnel in Taiwan mainly consist of vocational schools, government vocational training programs, specialized skill enhancement classes, and in-house training provided by companies. Early vocational education was designed to cater to the industry’s need for specialized technical personnel, but today the industry requires individuals with creativity and diverse capabilities [64]. In terms of vocational school education, Taiwan currently does not have dedicated departments or majors specifically for welding. The training of welding technicians is typically provided through specialized subjects and internship programs within the mechanical group of vocational education. Since welding places great emphasis on practical skills and experience, schools also provide facilities for conducting relevant hands-on courses such as manual arc welding, tungsten inert gas (TIG) welding, CO2 semi-automatic welding, oxy-acetylene cutting and welding, etc. These practical courses are designed with progressive levels of difficulty, allowing students to learn various welding methods and positions for different metals or special materials. The goal is to achieve the required industry-standard skills and to apply them flexibly in various industries and components [40].





3. Methodology


This study is based on relevant domestic and international literature and utilizes “professional competencies” as the research framework. Through the analysis, indicators of professional competencies for offshore wind power underwater welding technicians were identified and classified into three hierarchical levels: primary dimensions, secondary dimensions, and indicator behavioral elements. A preliminary Delphi Technique questionnaire was developed based on these dimensions. After expert review and revision, the questionnaire was finalized as the official Delphi Technique questionnaire. Multiple rounds of Delphi Technique surveys were then conducted based on this framework, collecting expert opinions and data. The collected data were compiled and summarized. After achieving consensus among the experts’ opinions, the professional competencies of offshore wind power underwater welding technicians were selected and constructed.



3.1. Participants


3.1.1. Expert Interviews


In order to align the formal questionnaire with practical applications and requirements, while considering both theory and practice, this study developed the initial draft of the questionnaire based on the literature review. Experts and experienced technical professionals with expertise in engineering and technical education, welding skills, metal forming skills, and offshore wind power underwater foundation welding skills were invited to review the content of the questionnaire for its validity. The formal questionnaire was then revised based on the expert opinions and suggestions.




3.1.2. Expert Interviews


This study adopts the Delphi technique as the research method. The Delphi experts were selected through purposive sampling, considering their practical experience and theoretical knowledge in the relevant professional fields of the research topic [65,66]. When the number of experts in the Delphi panel reaches 10 or more, the group error can be minimized, and consequently, the reliability of the results is expected to be highest [67]. This study invited a total of 15 experts to form the Delphi expert panel, including experts and scholars in the field of offshore wind power underwater welding, as well as experienced professionals in related fields.





3.2. Research Instrument


The research instrument used in this study was the “Delphi Technique Questionnaire for Constructing Professional Competency Indicators of Offshore Wind Power Underwater Welding Technicians”. It was developed through the collection of relevant literature from domestic and international sources, followed by preliminary organization and analysis. The questionnaire was then subjected to expert review for content validity. Based on the feedback received from the experts, necessary revisions were made to finalize the questionnaire as the official version. Subsequently, the questionnaire was administered in three rounds of Delphi surveys conducted by the Delphi panel of experts. After achieving consensus among the experts, the indicators for professional competencies of offshore wind power underwater welding technicians were summarized and compiled.



3.2.1. The Expert Review Questionnaire


The expert review questionnaire consisted of four sections: Instructions for Completing the Questionnaire, Glossary of Terms, Hierarchical Structure of Indicators, and Indicator Screening. The Indicator Screening section was further divided into three parts: First-level Main Constructs, Second-level Sub-Constructs, and Third-level Behavioral Dimensions, which included a total of 3 main constructs, 10 sub-constructs, and 64 behavioral dimensions. These components were consolidated to form the “Delphi Technique Questionnaire for Expert Review of Professional Competency Indicators of Offshore Wind Power Underwater Welding Technicians”. The questionnaire was then submitted for review by scholars and industry experts, who were asked to express their opinions on each item by selecting one of the three options: “Retain”, “Retain with Modifications”, or “Delete”. Suggestions or modifications could be provided in the “Modification Comments” column next to each item, and additional constructs or behavioral dimensions could be added in the “Additional Items” section below. Once the revisions were completed, the questionnaire became the official Delphi Technique survey instrument with expert validity.




3.2.2. Delphi Technique Formal Survey Questionnaire


This study invited offshore wind power underwater foundation welding experts to participate in multiple rounds of Delphi surveys. The purpose was to confirm and discuss the questionnaire content and gather the experts’ valuable insights and opinions.



	(1)

	
First Round of Survey







Based on the suggestions from the expert review of the questionnaire’s content validity, it was revised into the first-round questionnaire. The questionnaire consisted of four parts: Instructions for Completion, Glossary of Terms, Hierarchical Structure of Indicators, and Indicator Screening. The Indicator Screening section utilized a Likert scale with five response options [68]. The Delphi panel experts were requested to evaluate the importance of each indicator on a scale of 1 to 5, with higher numbers indicating greater importance. Open-ended fields were also included to allow experts to provide comments.



	(2)

	
Second Round of Survey







The second-round questionnaire was developed based on the revisions made in response to the feedback from the first round. It included the opinions and data collected from the first round, as well as the individual responses of the experts, serving as references for the second round of expert assessment.



	(3)

	
Third Round of Survey







The results from the previous two rounds were synthesized and revised to create the third round questionnaire. This questionnaire served as a reference for further Delphi expert surveys. The process was repeated iteratively until a consensus was reached among the experts, at which point the survey implementation could be concluded.





3.3. Research Implementation


3.3.1. The Expert Review Questionnaire


The purpose of the expert questionnaire review was to invite experts from academia and industry to examine the appropriateness of the main constructs, sub-constructs, and behavioral contents of the professional competence indicators for offshore wind power underwater foundation welding technicians. Based on their feedback and suggestions, necessary revisions were made to construct the final Delphi survey questionnaire.




3.3.2. Delphi Technique Formal Survey Questionnaire


The Delphi survey questionnaire in this study was conducted to determine the professional competence indicators of offshore wind power underwater foundation welding technicians. The questionnaire was administered by contacting expert members via telephone or communication software. The questionnaire was provided to the experts through methods such as face-to-face delivery, postal mail, or electronic transmission. The questionnaire included instructions for completing the survey. After the industry experts had completed the questionnaire, a predetermined time was set for collecting the questionnaires. Upon collecting the questionnaires, they were immediately subjected to statistical analysis and coding. Based on the opinions and suggestions of the Delphi experts, adjustments were made to the content of the professional competence indicators in this study, aiming to achieve consensus among the experts’ opinions. Ultimately, the construction of the professional competence indicators for offshore wind power underwater foundation welding technicians was completed.





3.4. Data Processing


The data from the questionnaire survey conducted in this study were analyzed using the SPSS statistical software, version 27. The analysis aimed to examine the reliability and validity of the questionnaire, as well as assess the accuracy and consistency of the collected data. The questionnaire employed a Likert five-point scale, and based on the responses provided by the Delphi method experts, the average, mode, importance, and dispersion of each item were calculated. The important levels of each indicator’s main dimension, sub-dimension, and behavioral content were based on the average scores. The threshold for “important” was set as an average score greater than or equal to 3.5 and less than or equal to 4.5, while a score greater than 4.5 indicated a level of “very important” [69]. The mode was used to understand the distribution of responses from the Delphi experts for each indicator. If the mode tended towards high scores, it indicated that the surveyed experts agreed on the importance of the item. The standard deviation represented the degree of divergence among the Delphi experts’ opinions on each competency indicator. A larger standard deviation indicated a higher degree of divergence, implying that the opinions of the Delphi experts were more dispersed. The standard deviations from the second and third rounds of questionnaires were compared to determine whether the opinions of the Delphi experts were approaching stability. A standard deviation of less than 1 was used as the criterion to assess the stability of the experts’ opinions [70].



The K–S (Kolmogorov–Smirnov) test is used to determine whether two random samples follow the same distribution. The K–S test was employed to analyze the consistency of opinions among the Delphi experts. If an indicator did not exhibit consistency (p > 0.05), it was removed from the analysis [71,72]. The K–W (Kruskal–Wallis) test is a nonparametric statistical method used to test whether independent groups from multiple non-normally distributed populations have equal medians. The K–W test was used to examine the consistency among different groups of experts grouped by their professional backgrounds. The aim was to understand whether there were differences in the perceived importance of indicators among these expert groups. When an indicator showed a significant difference (p < 0.05) among the groups, it was removed from further analysis [73].





4. Results


Based on the expert review questionnaire and the results of the Delphi method questionnaire survey regarding the professional competency indicators for offshore wind power underwater foundation welding technicians, the data were compiled and analyzed.



4.1. Expert Interview Process Analysis Results


This study conducted a literature review to organize and summarize the initial draft of the survey questionnaire. Experts were invited to evaluate the content validity of the questionnaire. Based on their feedback, modifications were made. The primary dimension retained its original 3 indicator items, while the sub-dimension maintained its original 10 indicator items. In the third-level behavioral connotations, 15 new connotations were added, 5 were removed, and the wording of the remaining 27 connotations was revised. As a result, the number of behavioral connotations increased from 64 to 74 after the revisions. With these modifications, the first round of the Delphi survey questionnaire was developed.




4.2. Delphi Survey Analysis Results


After three rounds of the Delphi survey and data consolidation, the statistical results of the first-level indicator dimension and the second-level indicator sub-dimension in the third round of responses are presented in Table 5. The arithmetic mean of each indicator in the third round is greater than 3.5, with an average of 4.35, higher than the second-round average of 4.31. This indicates that all experts recognize the importance of these indicators, and the behavioral connotations of the indicators reached a level of importance or higher. Among them, nine indicators have a minimum arithmetic mean of 3.53, while three indicators had the highest arithmetic mean of 5. The standard deviations in the third round were all below 1, with an average of 0.575, lower than the second-round average of 0.682. Additionally, the difference in standard deviations between the second and third rounds was 0.107, significantly smaller than the difference of 0.130 between the first and second rounds. These findings indicate that the opinions of the Delphi experts have converged toward stability and consensus.



4.2.1. Kolmogorov–Smirnov Test Results


After conducting three rounds of Delphi questionnaire surveys in this study, the average standard deviation had decreased by the third round. To further verify the consensus among all three groups of Delphi experts with different backgrounds regarding the behavioral indicators of offshore wind power underwater welding technicians’ professional competencies, a non-parametric Kolmogorov–Smirnov (K–S) single-sample test was conducted. The results of the statistical analysis are shown in Table 6, Table 7 and Table 8. The statistical analysis indicated that all 76 behavioral indicators of professional competencies reached a significant level (p < 0.05), indicating consensus among the three groups of experts with different backgrounds.




4.2.2. Kruskal–Wallis Analysis Results


To examine whether the three groups of experts hold different views on the professional competence indicators of offshore wind power underwater foundation welding technicians due to differences in their professional backgrounds, a Kruskal–Wallis (K–W) one-way analysis of variance was conducted in this study, as shown in Table 9, Table 10 and Table 11. The results of the statistical analysis indicated that for the indicator “2-3-6 Understanding of basic safety training in offshore wind power” one indicator behavior reached a significant level, suggesting that experts from different backgrounds have different views on the behavior of this indicator. Therefore, this indicator behavior was deleted.



Based on the results of the K–S test and the K–W analysis, only the K–W analysis resulted in the deletion of one indicator item. Consequently, the number of indicator behavioral connotations changed from 76 to 75, while the total number of professional competence indicators for offshore wind power underwater foundation welding technicians remained unchanged. In summary, the professional competence indicators consist of three primary dimensions, ten sub-dimensions, and 75 indicator behavioral connotations.






5. Discussion


After conducting three rounds of Delphi technique questionnaire surveys in this study, a convergence of expert opinions was achieved. After aggregating the statistical data from the third round, it was confirmed that the professional competence indicators for offshore wind power underwater foundation welding technicians consisted of three primary dimensions, ten sub-dimensions, and 75 indicator behavioral connotations.



5.1. First-Level Professional Competence Indicators (Dimension Indicators)


The three main dimensions of professional competence indicators for offshore wind power underwater foundation welding technicians were all rated as “extremely important” in this study. Among them, “professional skills” and “workplace attitude” were considered the most important, followed by “professional knowledge”. All the Delphi experts in this study ranked “professional skills” and “workplace attitude” as the highest in importance. This is mainly because the offshore wind power underwater foundation industry is one of the most important in domestic manufacturing, but there is a lack of design and manufacturing experience with underwater foundations in the country. Additionally, the welding process technology for underwater foundations has high requirements. Therefore, in the early stages of industry development, domestic companies need assistance from foreign wind farm developers to introduce design and manufacturing processes for underwater foundations. As a result, welding technicians in the offshore wind power underwater foundation field need to possess the basic competency requirements of “professional skills”, including equipment operation, welding practices, and welding inspection, to complete their work.



In addition to establishing the foundation of basic competencies through professional skills, individuals should possess traits listed under “workplace attitude” to enhance work efficiency and improve themselves in their professional field. These traits include process improvement, self-management, and teamwork. Although “workplace attitude” is considered an implicit core trait according to Spencer and Spence’s (2008) iceberg model theory and is less susceptible to change and development, it has a significant impact on job performance and learning outcomes. Therefore, to shorten the technology transfer and training period and immediately demonstrate job performance, all Delphi experts unanimously agree that when recruiting welding technicians in the offshore wind power underwater foundation field, priority should be given to “professional skills” and “workplace attitude” as professional competencies [31].



Furthermore, although the importance of “professional knowledge” is slightly lower, it is still an indispensable explicit competency trait. It is easily perceptible and can be manifested through learning and training outcomes. As welding is a technical industry, professional technicians are the main practitioners in the manufacturing industry. Therefore, compared with “professional skills” and “workplace attitude”, the importance of “professional knowledge” is slightly lower. However, research suggests that if professional knowledge is combined with job execution requirements and accompanied by practical work skills, experience, endurance, problem-solving abilities, and work attitude, individuals can be competent in their roles, enhancing their personal value and the company’s competitiveness [74].




5.2. Second-Level Professional Competence Indicators (Orientation Indicators)


The professional competence indicators for offshore wind power underwater foundation welding technicians consisted of 10 sub-dimensions. Among them, 8 sub-dimensions were rated as “highly important”. Based on the consensus of all Delphi experts, the four highest-ranked sub-dimensions were “equipment operation”, “welding practice”, “occupational safety”, and “quality standards”. Following them were “self-management” in second place and “teamwork” in third place.



The sub-dimensions of “equipment operation”, “welding practice”, “occupational safety”, and “quality standards” were considered essential competencies for underwater foundation welding technicians in the offshore wind power industry. Welding is a crucial part of metal processing, requiring the use of welding equipment to heat specific areas of two or more metal workpieces to the appropriate temperature, causing them to melt and fuse together. Given the lack of automated welding processes for most socket-type underwater foundation structures and the high demands of welding in the industry, a thorough understanding of welding equipment and professional welding skills and experience is necessary for underwater foundation welding technicians to successfully fulfill their job responsibilities.



The quality of welding directly affects the structural integrity and safety of products. Therefore, appropriate control measures must be implemented during the pre-welding design, material selection, and construction inspection processes to ensure that the post-welding workpiece meets the required quality standards. Welding is considered a special process within quality control activities, making the expertise of welding technicians even more important. Additionally, welding is classified as a 3K industry (dangerous, laborious, and dirty), highlighting the significance of occupational safety awareness and competence for underwater foundation welding technicians. By prioritizing occupational safety, not only can the well-being of employees be protected, but also the foundation for the company’s profitability can be maintained.



The second-ranked sub-dimension, unanimously deemed important by all Delphi experts, is “self-management”. As key human resources in the offshore wind power underwater foundation industry, welding technicians with good self-management abilities can not only enhance their own professional knowledge and skills but also conscientiously complete welding work and adhere to process specifications to ensure the delivered products meet quality requirements and improve work efficiency.



Lastly, the third-ranked sub-dimension identified by all Delphi experts was “teamwork”. This is primarily due to the high-risk working environment of underwater foundation welding. By paying attention to the safety of others during welding work, offering timely reminders, and providing assistance to colleagues, the occurrence of hazardous incidents can be reduced and the overall work performance during underwater foundation welding operations can be improved.




5.3. Third-Level Professional Competence Indicators (Detailed Indicators)


The professional competency indicators for offshore wind power underwater welding technicians consisted of 75 indicators and behavioral characteristics. Among them, 40 indicators were rated as “highly important”, while the remaining 35 were rated as “important”. The top three indicators in terms of importance were: (1) “Meet the non-destructive testing requirements and ensure quality”, (2) “Carrying out welding operations in quality standards”, and (3) “Ensures compliance with all requirements in the welding process”. Following closely were nine indicators, including “Ability to operate semi-automatic welding machines” in various positions (1G, 2G, 3G, 4G, 5G, 6G/6GR), and “Welder qualification and recording of welding parameters for welding. “The third highest-ranking indicators included “Prevention of illnesses and hazards associated with welding work”, “Selection of appropriate protective equipment for welding work”, and “Obtaining welding personnel qualifications in quality standards.“



The top three indicators in terms of importance aligned with the prioritization of the main constructs, namely welding practices, quality standards, and self-management. This indicates a unanimous agreement among the experts regarding the importance of these indicators. Analyzing the top three indicators in terms of importance, which included the ability to meet non-destructive testing requirements, adhere to quality standards, and follow welding process requirements for offshore wind power underwater foundations, as well as other important indicators such as proficiency in operating semi-automatic arc welding machines, passing certification tests for various welding positions, and practicing safety measures, it becomes evident that professional skills are the most crucial capabilities for welding technicians in the offshore wind power underwater welding process. Mastery of these skills, including obtaining certifications for specific welding positions, adhering to welding specifications throughout the process, and ensuring compliance with non-destructive testing standards, is essential for achieving the required welding quality according to European standards. Furthermore, selecting appropriate protective equipment in line with safety standards is crucial for minimizing occupational hazards and ensuring the well-being of personnel involved in welding operations.





6. Summary


This study conducted three rounds of Delphi technique questionnaire surveys, and consensus among all experts in the field of welding was reached. The construction of professional competence indicators for offshore wind power underwater foundation welding technicians was completed. The results of the dimension analysis indicate unanimous agreement among all Delphi experts that the dimensions of “professional skills”, “workplace attitude”, and “professional knowledge” are essential professional competence traits for offshore wind power underwater foundation welding technicians. Among them, “professional skills” and “workplace attitude” were considered the most important, followed by “professional knowledge”. The results of the sub-dimension analysis indicate unanimous agreement among all Delphi experts that the sub-dimension indicators of “equipment operation”, “welding practice”, “occupational safety”, and “quality standards” are of high importance. The next important sub-dimension indicators are “self-management”, “teamwork”, “welding inspection”, and “process improvement”, among others. After analyzing the behavioral content of the indicators, it is evident that the entire expert panel unanimously recognized the significant importance of each indicator. Notably, the highest average scores of 5 were achieved for the behavioral content related to “meeting non-destructive testing requirements and ensuring quality”, “performing welding operations in accordance with quality standards”, and “ensuring compliance with all requirements in the welding process”.



In the welding process of offshore wind power underwater foundations, emphasis is placed on the practical experience of technicians. Therefore, individuals should not only possess the ability to operate welding equipment, perform simple maintenance, and use tools but also complete welding work according to the specified requirements based on the welding positions of on-site components and perform relevant non-destructive testing standards to meet quality requirements. While working, it is essential to prioritize the occupational safety and potential risks associated with the work environment, avoiding irreversible consequences by pursuing short-term convenience. Lastly, the experts believe that welding technicians are practitioners, and ensuring welding quality is the most important professional skill and job responsibility. Therefore, the importance of aspects such as “metal materials” knowledge and “welding graphics” knowledge is relatively lower. However, if professionals can apply their expertise to meet work requirements and possess practical skills and experience in completing workplace tasks, it will further highlight their performance within the team. These findings align closely with the importance of various competencies identified through the review of relevant literature and analysis. They can serve as a reference for future development of professional competency indicators for welding technicians in offshore wind power underwater foundations. By utilizing these indicators, it will be possible to enhance the competence of personnel and increase industry competitiveness.
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Figure 1. The types of underwater foundations. 
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Figure 2. The joint types at the nodes. 
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Figure 3. The current situation of domestic recruitment of talents in the underwater foundation industry. 
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Table 1. Promotion goals for renewable energy development in Taiwan.
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Year

	
2015

	
2020

	
2025




	

	
Installed Capacity (MW)

	
Electricity Production (100 GWh)

	
Installed Capacity (MW)

	
Electricity Production (100 GWh)

	
Installed Capacity (MW)

	
Electricity Production (100 GWh)






	
Solar photovoltaic

	
842

	
9

	
6500

	
81

	
20,000

	
250




	
Onshore wind power

	
647

	
15

	
814

	
19

	
1200

	
29




	
Offshore wind power

	
0

	
0

	
520

	
19

	
3000

	
111




	
Geothermal energy

	
0

	
0

	
150

	
10

	
200

	
13




	
Biomass energy

	
741

	
36

	
768

	
56

	
813

	
59




	
Hydropower

	
2089

	
45

	
2100

	
47

	
2150

	
48




	
Fuel cell

	
0

	
0

	
22.5

	
2

	
60

	
5




	
Total

	
4319

	
105

	
10,875

	
234

	
27,423

	
515








Source: Self-drawn.
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Table 2. Localization goals and timeline for offshore wind power industry development.
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	Timeline
	Schedule
	Industrial Development Projects





	2021
	Preparatory stage
	
	
Towers



	
Underwater foundations



	
Power facilities: 1. transformers, 2. switchgear, 3. distribution panels.





(These three are onshore power equipment)

	
Maritime engineering planning, design, construction, supervision, and manufacturing:





1. Construction and supervision of surveys, cable laying, surveys, etc., planning and design of vessels and equipment, safety management

(Ministry of Economic Affairs).

2. Providing industry supply chain for construction vessels that need to be newly built or renovated, including surveys, support, organization, transportation, and cable-laying vessels (Industrial Development Bureau).



	2022
	Preparatory stage
	Preparatory projects before 2021



	2023
	Stage 1
	
	
Wind turbine components: cabin assembly, transformers, distribution panels, uninterrupted power systems, nose cones, cables, wheel hub castings, fasteners.



	
Submarine cables.



	
Maritime engineering planning, design, construction, supervision, and manufacturing:





1. Construction and supervision of tower, underwater foundation, etc., planning and design of vessels and equipment, safety management (Ministry of Economic Affairs).

2. Shipbuilding: providing industry supply chain for construction vessels that need to be newly built or renovated, including transportation, installation vessels (Industrial Development Bureau).



	
Preparatory projects in 2021 and 2022.








	2024
	Stage 2
	
	
Wind turbine components: Gearboxes, generators, power conversion systems, blades and their resin, nacelle covers, tower base castings.



	
Maritime engineering planning, design, construction, and supervision: construction and supervision of wind turbines, planning and design of vessels and equipment, safety management (Ministry of Economic Affairs).



	
Preparatory projects in 2021 and 2022.



	
Stage 1 projects in 2023.








	2025
	Stage 2
	
	
Preparatory projects in 2021 and 2022.



	
Stage 1 projects in 2023.



	
Stage 2 projects in 2024.












Source: Self-drawn.
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Table 3. Certifications required for the underwater foundation supply chain.
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	Quality Assurance for Underwater Foundations
	Relevant Certifications and Regulatory Compliance





	Quality system
	ISO 9001:2015 [43], ISO 14000:2015 [44], ISO 45001:2018 [45], ISO 3834-1:2021 [16], ISO 3834-2:2021 [17], ISO 3834-3:2021 [18], ISO 3834-4:2021 [19], EN 1090-1: 2009 + A1:2011 [11], EN 1090-2:2018 [12], EN 1090-3:2008 [13], EN 1090-4:2018 [14], EN 1090-5:2017 [15], CPR(CE Marking for Raw Materials and Welding Consumables), DNV-GL Certification.



	Manufacturing and inspection regulations
	DNV-GL-OS-C401, EN 1090-1: 2009 + A1:2011 [11], EN 1090-2:2018 [12], EN 1090-3:2008 [13], EN 1090-4:2018 [14], EN 1090-5:2017 [15], ISO 15609-1:2019 [46], ISO 15609-2:2019 [47], ISO 15609-3:2004 [48], ISO 15609-4:2009 [49], ISO 15609-5:2011 [50], ISO 15609-6:2013 [51], ISO 15614-1:2017 + A1:2019 [52], ISO 17637:2016 (VT) [53], ISO 17638:2016 (MT) [54], ISO 17640:2018 (UT) [55].



	Personnel qualifications
	ISO 9606-1:2012 [10], ISO 14732:2013 [42], ISO 9712:2021 [56], VT, MT, UT, GWO.







Source: Self-drawn.
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Table 4. Certification codes and positions for welding technicians.
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Skill Code

	
Welding Position






	
F-Flat Weld (1G)

	
[image: Sustainability 15 10801 i001]




	
H-Horizontal Weld (2G)

	
[image: Sustainability 15 10801 i002]




	
V-Vertical Weld (3G)

	
[image: Sustainability 15 10801 i003]




	
O-Overhead Weld (4G)

	
[image: Sustainability 15 10801 i004]




	
VF-Pipe Axis Vertical Fixed Weld (2G)

	
[image: Sustainability 15 10801 i005]




	
HF-Pipe Axis Horizontal Fixed Weld (5G)

	
[image: Sustainability 15 10801 i006]




	
VH-Pipe Axis 45° Fixed Weld (6G/6GR)

	
[image: Sustainability 15 10801 i007][image: Sustainability 15 10801 i008]




	
The welding position codes (1G~6G/6GR) in parentheses in the table are references to the welding position codes based on the American Society of Mechanical Engineers (ASME) regulations








Source: Self-drawn.
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Table 5. Statistical analysis of indicator dimension and sub-dimension in the third round of the Delphi survey.
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	Indicator
	Mode
	Mean
	SD





	1
	Professional skills
	5
	5.00
	0.000



	1-1
	Equipment operation
	5
	5.00
	0.000



	1-2
	Welding practices
	5
	5.00
	0.000



	1-3
	Welding inspection
	5
	4.60
	0.611



	2
	Professional knowledge
	5
	4.80
	0.400



	2-1
	Metal materials
	5
	4.20
	0.833



	2-2
	Welding drafting
	4
	4.07
	0.772



	2-3
	Occupational safety
	5
	5.00
	0.000



	2-4
	Quality standards
	5
	5.00
	0.000



	3
	Workplace attitude
	5
	5.00
	0.000



	3-1
	Process improvement
	5
	4.53
	0.618



	3-2
	Self-management
	5
	4.93
	0.249



	3-3
	Teamwork
	5
	4.80
	0.400







Source: Self-drawn.
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Table 6. Consistency data analysis of professional skills indicators using the K–S test.
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	1-1
	Equipment Operation
	M
	SD
	K–S Test (Z Value)



	1-1-1
	Ability to operate manual electric welding machines
	3.80
	0.748
	1.549 *



	1-1-2
	Ability to operate semi-automatic welding machines
	4.93
	0.249
	3.615 *



	1-1-3
	Ability to operate tungsten inert gas welding machines
	4.33
	0.789
	2.066 *



	1-1-4
	Ability to operate submerged arc welding machines
	4.40
	0.800
	2.324 *



	1-1-5
	Ability to operate oxy-acetylene cutting equipment
	3.80
	0.833
	1.807 *



	1-1-6
	Ability to operate plasma cutting machines
	3.87
	0.884
	1.807 *



	1-1-7
	Understanding of the use and characteristics of shielding gases
	4.60
	0.490
	2.324 *



	1-1-8
	Ability to operate carbon arc gouging equipment
	4.20
	0.833
	1.807 *



	1-1-9
	Ability to operate grinding machines
	4.60
	0.611
	2.582 *



	1-1-10
	Ability to maintain and repair welding equipment
	4.13
	0.618
	1.420 *



	1-2
	Welding Practices
	M
	SD
	K–S Test (Z Value)



	1-2-1
	Perform manual arc welding in the flat position 1G
	3.53
	0.618
	2.066 *



	1-2-2
	Perform manual arc welding in the horizontal position 2G
	3.53
	0.618
	2.066 *



	1-2-3
	Perform manual arc welding in the vertical position 3G
	3.53
	0.618
	2.066 *



	1-2-4
	Perform manual arc welding in the overhead position 4G
	3.53
	0.618
	2.066 *



	1-2-5
	Perform manual arc welding on a vertically fixed axis 2G
	3.53
	0.618
	2.066 *



	1-2-6
	Perform manual arc welding on a horizontally fixed axis 5G
	3.53
	0.618
	2.066 *



	1-2-7
	Perform manual arc welding on a 45° fixed axis 6G/6GR
	3.53
	0.618
	2.066 *



	1-2-8
	Perform semi-automatic arc welding in the flat position 1G
	4.93
	0.249
	3.615 *



	1-2-9
	Perform semi-automatic arc welding in the horizontal position 2G
	4.93
	0.249
	3.615 *



	1-2-10
	Perform semi-automatic arc welding in the vertical position 3G
	4.93
	0.249
	3.615 *



	1-2-11
	Perform semi-automatic arc welding in the overhead position 4G
	4.93
	0.249
	3.615 *



	1-2-12
	Perform semi-automatic arc welding on a vertically fixed axis 2G
	4.93
	0.249
	3.615 *



	1-2-13
	Perform semi-automatic arc welding on a horizontally fixed axis 5G
	4.93
	0.249
	3.615 *



	1-2-14
	Perform semi-automatic arc welding on a 45° fixed axis 6G/6GR
	4.93
	0.249
	3.615 *



	1-2-15
	Perform tungsten inert gas welding in the flat position 1G
	3.67
	0.789
	2.066 *



	1-2-16
	Perform tungsten inert gas welding in the horizontal position 2G
	3.67
	0.789
	2.066 *



	1-2-17
	Perform tungsten inert gas welding in the vertical position 3G
	3.67
	0.789
	2.066 *



	1-2-18
	Perform tungsten inert gas welding in the overhead position 4G
	3.67
	0.789
	2.066 *



	1-2-19
	Perform tungsten inert gas welding on a vertically fixed axis 2G
	3.67
	0.789
	2.066 *



	1-2-20
	Perform tungsten inert gas welding on a horizontally fixed axis 5G
	3.67
	0.789
	2.066 *



	1-2-21
	Perform tungsten inert gas welding on a 45° fixed axis 6G/6GR
	3.73
	0.772
	1.807 *



	1-2-22
	Analyze the welding defects and improvement operations
	4.40
	0.611
	1.807 *



	1-2-23
	Control interpass temperature and input heat in the welding zone
	4.60
	0.611
	2.582 *



	1-2-24
	Proficiently use various methods to relieve welding stresses
	3.80
	0.748
	1.549 *



	1-2-25
	Select appropriate welding methods and materials for construction
	4.67
	0.471
	2.582 *



	1-2-26
	Understand the welding current and voltage parameters
	4.73
	0.442
	2.840 *



	1-2-27
	Ability to prevent and correct weld distortion
	4.67
	0.471
	2.582 *



	1-2-28
	Determine sequence, terminology, joint types, and compare methods
	4.67
	0.471
	2.582 *



	1-2-29
	Select suitable tools for pre, during, and post-weld cleaning
	4.73
	0.573
	3.098 *



	1-2-30
	Perform various groove preparation methods for different thicknesses
	4.33
	0.789
	2.066 *



	1-2-31
	Meet the non-destructive testing requirements and ensure quality
	5.00
	0.000
	-



	1-3
	Welding Inspection
	M
	SD
	K–S Test (Z Value)



	1-3-1
	Knowledge of non-destructive testing types and applications
	3.93
	0.854
	1.549 *



	1-3-2
	Visual inspection of weld quality
	4.60
	0.611
	2.582 *



	1-3-3
	Understanding of mechanical testing types, methods, and applications
	3.53
	0.806
	2.582 *



	1-3-4
	Proficiency in using welding gauges
	4.33
	0.699
	1.807 *



	1-3-5
	Welder qualification and recording of welding parameters for welding
	4.93
	0.249
	3.615 *



	1-3-6
	Understanding of pre, during, post-weld surface cleanliness requirements
	4.67
	0.471
	2.582 *







Source: Self-drawn. * p < 0.05.
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Table 7. Consistency data analysis of the professional knowledge indicators using the K–S test.
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	2-1
	Metal Materials
	M
	SD
	K–S Test (Z Value)



	2-1-1
	Familiarity with heat treatment procedures for metallic materials
	3.60
	0.611
	1.807 *



	2-1-2
	Understanding of the characteristics and weldability of metallic materials
	4.40
	0.712
	2.066 *



	2-1-3
	Knowledge of the effects of temperature on metallic materials
	4.40
	0.712
	2.066 *



	2-2
	Welding Drafting
	M
	SD
	K–S Test (Z Value)



	2-2-1
	Ability to interpret welding construction drawings
	4.20
	0.653
	1.420 *



	2-2-2
	Analysis of symbols, terminology, drawing, and specifications
	3.67
	0.789
	2.066 *



	2-2-3
	Understanding of mechanical design drawing
	3.53
	0.718
	2.324 *



	2-3
	Occupational Safety
	M
	SD
	K–S Test (Z Value)



	2-3-1
	Knowledge of occupational safety and health practices
	4.80
	0.542
	3.357 *



	2-3-2
	Prevention of illnesses and hazards associated with welding work
	4.87
	0.499
	3.615 *



	2-3-3
	Selection of appropriate protective equipment for welding work
	4.87
	0.499
	3.615 *



	2-3-4
	Taking appropriate protective measures in the event of accidents
	4.80
	0.542
	3.357 *



	2-3-5
	Evaluation of occupational safety risks in the work environment
	4.80
	0.542
	3.357 *



	2-3-6
	Understanding of basic safety training in offshore wind power
	4.53
	0.806
	2.840 *



	2-4
	Quality Standards
	M
	SD
	K–S Test (Z Value)



	2-4-1
	Carrying out welding operations in quality standards
	5.00
	0.000
	-



	2-4-2
	Recording and inspecting welding procedures in quality standards
	4.60
	0.490
	2.324 *



	2-4-3
	Obtaining welding personnel qualifications in quality standards
	4.87
	0.340
	3.357 *



	2-4-4
	Meeting the surface appearance requirements of welded joints
	4.80
	0.400
	3.098 *







Source: Self-drawn. * p < 0.05.
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Table 8. Consistency data analysis of the workplace attitude indicators using the K–S test.
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	3-1
	Process Improvement
	M
	SD
	K–S Test (Z Value)



	3-1-1
	Able to identify problems and propose improvements in welding work
	4.60
	0.611
	2.582 *



	3-1-2
	Accepts innovative concepts and techniques in welding work.
	4.40
	0.712
	2.066 *



	3-1-3
	Capable of managing resources and effectively scheduling progress
	4.40
	0.712
	2.066 *



	3-2
	Self-Management
	M
	SD
	K–S Test (Z Value)



	3-2-1
	Actively explores new knowledge and engages in self-learning
	4.53
	0.618
	2.324 *



	3-2-2
	Adopts and maintains rationality in the face of workplace pressure
	4.60
	0.611
	2.582 *



	3-2-3
	Sets personal goals with a proactive and determined attitude
	4.53
	0.618
	2.324 *



	3-2-4
	Performs workplace tasks diligently and meticulously
	4.73
	0.573
	3.098 *



	3-2-5
	Ensures compliance with all requirements in the welding process
	5.00
	0.000
	-



	3-3
	Teamwork
	M
	SD
	K–S Test (Z Value)



	3-3-1
	Values others’ opinions and engages in communication and sharing
	4.60
	0.611
	2.582 *



	3-3-2
	Provides timely assistance to colleagues in need
	4.60
	0.611
	2.582 *



	3-3-3
	Coordinates and resolves conflicts to foster positive interactions
	4.60
	0.611
	2.582 *



	3-3-4
	Pays attention to the safety of others and provides mutual reminders
	4.60
	0.611
	2.582 *



	3-3-5
	Emphasizes teamwork in the workplace to enhance work efficiency
	4.60
	0.611
	2.582 *







Source: Self-drawn. * p < 0.05.
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Table 9. Consistency data analysis of the professional skills indicators using the K–W test.
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	1-1
	Equipment Operation
	F
	K–W (p Value)



	1-1-1
	Ability to operate manual electric welding machines
	0.054
	0.973



	1-1-2
	Ability to operate semi-automatic welding machines
	2.750
	0.253



	1-1-3
	Ability to operate tungsten inert gas welding machines
	1.824
	0.402



	1-1-4
	Ability to operate submerged arc welding machines
	1.585
	0.453



	1-1-5
	Ability to operate oxy-acetylene cutting equipment
	3.825
	0.148



	1-1-6
	Ability to operate plasma cutting machines
	3.962
	0.138



	1-1-7
	Understanding of the use and characteristics of shielding gases
	0.583
	0.747



	1-1-8
	Ability to operate carbon arc gouging equipment
	3.980
	0.137



	1-1-9
	Ability to operate grinding machines
	2.699
	0.259



	1-1-10
	Ability to maintain and repair welding equipment
	3.569
	0.168



	1-2
	Welding Practices
	F
	K–W (p Value)



	1-2-1
	Perform manual arc welding in the flat position 1G
	0.350
	0.839



	1-2-2
	Perform manual arc welding in the horizontal position 2G
	0.350
	0.839



	1-2-3
	Perform manual arc welding in the vertical position 3G
	0.350
	0.839



	1-2-4
	Perform manual arc welding in the overhead position 4G
	0.350
	0.839



	1-2-5
	Perform manual arc welding on a vertically fixed axis 2G
	0.350
	0.839



	1-2-6
	Perform manual arc welding on a horizontally fixed axis 5G
	0.350
	0.839



	1-2-7
	Perform manual arc welding on a 45° fixed axis 6G/6GR
	0.350
	0.839



	1-2-8
	Perform semi-automatic arc welding in the flat position 1G
	2.000
	0.368



	1-2-9
	Perform semi-automatic arc welding in the horizontal position 2G
	2.000
	0.368



	1-2-10
	Perform semi-automatic arc welding in the vertical position 3G
	2.000
	0.368



	1-2-11
	Perform semi-automatic arc welding in the overhead position 4G
	2.000
	0.368



	1-2-12
	Perform semi-automatic arc welding on a vertically fixed axis 2G
	2.000
	0.368



	1-2-13
	Perform semi-automatic arc welding on a horizontally fixed axis 5G
	2.000
	0.368



	1-2-14
	Perform semi-automatic arc welding on a 45° fixed axis 6G/6GR
	2.000
	0.368



	1-2-15
	Perform tungsten inert gas welding in the flat position 1G
	0.562
	0.755



	1-2-16
	Perform tungsten inert gas welding in the horizontal position 2G
	0.562
	0.755



	1-2-17
	Perform tungsten inert gas welding in the vertical position 3G
	0.562
	0.755



	1-2-18
	Perform tungsten inert gas welding in the overhead position 4G
	0.562
	0.755



	1-2-19
	Perform tungsten inert gas welding on a vertically fixed axis 2G
	0.562
	0.755



	1-2-20
	Perform tungsten inert gas welding on a horizontally fixed axis 5G
	0.562
	0.755



	1-2-21
	Perform tungsten inert gas welding on a 45° fixed axis 6G/6GR
	1.369
	0.504



	1-2-22
	Analyze the welding defects and improvement operations
	0.778
	0.678



	1-2-23
	Control interpass temperature and input heat in the welding zone
	1.831
	0.400



	1-2-24
	Proficiently use various methods to relieve welding stresses
	1.908
	0.385



	1-2-25
	Select appropriate welding methods and materials for construction
	2.310
	0.315



	1-2-26
	Understand the welding current and voltage parameters
	4.693
	0.096



	1-2-27
	Ability to prevent and correct weld distortion
	0.210
	0.900



	1-2-28
	Determine sequence, terminology, joint types, and compare methods
	0.210
	0.900



	1-2-29
	Select suitable tools for pre, during, and post-weld cleaning
	0.234
	0.890



	1-2-30
	Perform various groove preparation methods for different thicknesses
	1.824
	0.402



	1-2-31
	Meet the non-destructive testing requirements and ensure quality
	0.000
	1.000



	1-3
	Welding Inspection
	F
	K–W (p Value)



	1-3-1
	Knowledge of non-destructive testing types and applications
	2.342
	0.310



	1-3-2
	Visual inspection of weld quality
	0.881
	0.644



	1-3-3
	Understanding of mechanical testing types, methods, and applications
	1.389
	0.499



	1-3-4
	Proficiency in using welding gauges
	1.851
	0.396



	1-3-5
	Welder qualification and recording of welding parameters for welding
	2.750
	0.253



	1-3-6
	Understanding of pre, during, post-weld surface cleanliness requirements
	0.210
	0.900







Source: Self-drawn.
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Table 10. Consistency data analysis of the professional knowledge indicators using the K–W test.
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	2-1
	Metal Materials
	F
	K–W (p Value)



	2-1-1
	Familiarity with heat treatment procedures for metallic materials
	1.809
	0.405



	2-1-2
	Understanding of the characteristics and weldability of metallic materials
	1.125
	0.570



	2-1-3
	Knowledge of the effects of temperature on metallic materials
	2.226
	0.329



	2-2
	Welding Drafting
	F
	K–W (p Value)



	2-2-1
	Ability to interpret welding construction drawings
	2.532
	0.282



	2-2-2
	Analysis of symbols, terminology, drawing, and specifications
	4.174
	0.124



	2-2-3
	Understanding of mechanical design drawing
	1.193
	0.551



	2-3
	Occupational Safety
	F
	K–W (p Value)



	2-3-1
	Knowledge of occupational safety and health practices
	1.310
	0.520



	2-3-2
	Prevention of illnesses and hazards associated with welding work
	2.750
	0.253



	2-3-3
	Selection of appropriate protective equipment for welding work
	2.750
	0.253



	2-3-4
	Taking appropriate protective measures in the event of accidents
	1.310
	0.520



	2-3-5
	Evaluation of occupational safety risks in the work environment
	1.310
	0.520



	2-3-6
	Understanding of basic safety training in offshore wind power
	6.150
	0.046 *



	2-4
	Quality Standards
	F
	K–W (p Value)



	2-4-1
	Carrying out welding operations in quality standards
	0.000
	1.000



	2-4-2
	Recording and inspecting welding procedures in quality standards
	1.231
	0.540



	2-4-3
	Obtaining welding personnel qualifications in quality standards
	1.212
	0.546



	2-4-4
	Meeting the surface appearance requirements of welded joints
	0.097
	0.953







Source: Self-drawn. * p < 0.05.
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Table 11. Consistency data analysis of the workplace attitude indicators using the K–W test.
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	3-1
	Process Improvement
	F
	K–W (p Value)



	3-1-1
	Able to identify problems and propose improvements in welding work
	0.690
	0.708



	3-1-2
	Accepts innovative concepts and techniques in welding work.
	0.595
	0.743



	3-1-3
	Capable of managing resources and effectively scheduling progress
	0.595
	0.743



	3-2
	Self-Management
	F
	K–W (p Value)



	3-2-1
	Actively explores new knowledge and engages in self-learning
	2.491
	0.288



	3-2-2
	Adopts and maintains rationality in the face of workplace pressure
	2.699
	0.259



	3-2-3
	Sets personal goals with a proactive and determined attitude
	5.174
	0.075



	3-2-4
	Performs workplace tasks diligently and meticulously
	2.304
	0.316



	3-2-5
	Ensures compliance with all requirements in the welding process
	0.000
	1.000



	3-3
	Teamwork
	F
	K–W (p Value)



	3-3-1
	Values others’ opinions and engages in communication and sharing
	0.408
	0.815



	3-3-2
	Provides timely assistance to colleagues in need
	0.408
	0.815



	3-3-3
	Coordinates and resolves conflicts to foster positive interactions
	0.408
	0.815



	3-3-4
	Pays attention to the safety of others and provides mutual reminders
	0.408
	0.815



	3-3-5
	Emphasizes teamwork in the workplace to enhance work efficiency
	0.408
	0.815







Source: Self-drawn.
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