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Abstract

:

Featured Application


The findings of this study have important implications for educators and software developers looking to implement VR technology in maritime education. Educators can use the insights from the study to better customize VR technology to meet the specific needs of students, thus improving the effectiveness and learning experience of VR-based education. Similarly, software developers can use the study’s findings to improve the design and functionality of VR engine room simulators for maritime training. This collaborative effort is essential for advancing the application of VR technology in maritime education, ensuring that it aligns with educational objectives and the practical needs of future maritime professionals.




Abstract


The integration of innovative technologies, such as Virtual Reality (VR), into maritime education presents a substantial challenge but also offers significant potential for enhancing training and knowledge transmission. This study aims to contribute to the existing body of knowledge by providing segmented insights into maritime students’ Perceived Ease of Use (PEU) of an immersive engine room VR simulator. The study analysed a sample of 58 students from the Faculty of Maritime Studies at the University of Rijeka, covering undergraduate, graduate, and specialized maritime education programs. Through hierarchical and non-hierarchical cluster analyses, two distinct segments were identified and named Proactivists and Moderates. The findings reveal significant differences between extracted sub-groups regarding (i) perceived benefits of using the VR engine room simulator in learning and education, (ii) future intention to use the technology, and (iii) overall experience. Study insights can directly aid educators and software developers in enhancing the further implementation of VR technology in maritime education.
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1. Introduction


Despite occasional fluctuations, the shipping industry continues to propel the global economy [1]. The ongoing investment in innovative technologies in maritime education, training, and knowledge transmission is considered a fundamental challenge not only in order to sustain a position as global economy leader but also to continue enhancing maritime safety and risk mitigation [2,3]. Traditionally, conventional maritime simulators, among other knowledge transfer tools, have been recognized as an effective training means that allows trainees to comprehend, evaluate, and practice critical situations at sea effectively in a risk-free environment [4]. However, due to their relatively high cost, time and space restrictions, and limited immersion capacity, recently, there has been a significant focus on integrating Virtual Reality (VR) technology into maritime education and training curricula [2,5,6,7].



VR can be described as a computer-simulated environment that allows users to interact with and modify their perceptions by delivering a combination of 3D sensory information to the human brain via isolated screens or a wearable display, e.g., a Head-Mounted Display (HMD) [8,9,10,11]. VR can be divided into three distinct categories: non-immersive, semi-immersive, and immersive. Non-immersive VR employs a conventional computer screen on which the user can indirectly interact with the digital 3D environment by utilizing a mouse, keyboard, or controller. Semi-immersive VR uses a combination of concave monitors and/or wall projectors surrounding the user to display virtual information such as a flight or maritime simulators. Immersive VR is the term used to describe the process of tracking a user’s movement and presenting VR information based on their position using an HMD [4,11,12]. The primary advantage of immersive VR is the ability to transport individuals to specific VR environments (e.g., a ship’s engine room) with a high degree of psychological fidelity, thereby facilitating an interactive and experiential training experience and encouraging the transfer of knowledge regardless of location or time.



According to recent Statista Search Department estimates (2024) [13], the prevalence of VR technology and its associated industry is rapidly increasing, with the global VR market size expected to rise from less than 12 billion U.S. dollars in 2022 to over 22 billion U.S. dollars by 2025. The constant reduction in VR costs, leaps in computer processing power, and improvements in the technology have boosted the use of VR technology in a variety of domains, including entertainment [14,15], medicine [16], tourism and hospitality [17,18], engineering, logistics, and the maritime industry [6,19,20], as well as in education and professional training [21,22,23,24,25].



Academic endeavors to investigate the potential of VR technology’s implementation in the corporate sector have been extensively documented to date. VR simulation training is being utilized in a variety of fields, such as construction training [26], medical training [16], fire and rescue training [27], and aviation inspection training [28]. Though the maritime sector has often been regarded as conservative [29] due to its high-risk environments and the need for rigorous training, it presents a unique opportunity for the adoption of VR technology. In accordance with the worldwide movement towards digitalization and innovation in the shipping sector [5], there has been a rise in research into the application of VR technology in the maritime industry (e.g., [30,31,32]). The majority of studies have primarily concentrated on various aspects of maritime safety, such as firefighting and evacuation training in the engine room [7], operational procedures on the deck [25], and navigation [2].



While there have been ongoing academic efforts to explore the benefits of the implementation of VR technology in the maritime industry, there remains a lack of studies specifically examining its potential in higher maritime education. Numerous studies have demonstrated that incorporating VR technology in different educational and learning settings can offer multiple benefits to students, such as enhancing engagement, providing greater flexibility and control over the learning process, supporting self-directed learning, improving knowledge transfer, and deepening understanding of previously learned concepts [10,11,33,34]. However, to date, these learning outcomes have been insufficiently explored in maritime higher education (e.g., [12]). Furthermore, studies suggest that users’ (e.g., students) perceptions of the adoption and perceived benefits of VR technology in education and learning are influenced not only by its technical features (e.g., fidelity) but also by its level of intuitiveness and simplicity to use [35,36]. The term perceived ease of use denotes the extent to which an individual perceives an innovation as being easy to comprehend or/and utilize [37,38]. To date, the results of different studies that have explored the user’s experience with VR technology in the field of industry and education have highlighted that PEU may have direct or indirect positive impacts on user engagement in VR-based learning [20,36], its acceptance, and intention for future use [21,27].



Despite the considerable attention given to understanding how the PEU of VR technology influences users’ attitudes towards its educational benefits and their willingness to adopt it in the future, this relationship has not been thoroughly explored within the context of maritime higher education. By focusing specifically on maritime students, the main motivation of this study is to address this gap by exploring relationships between PEU and (i) the perceived benefits of using a VR engine room simulator in maritime learning and education, (ii) the intention to use it in the future, and (iii) the overall experience. To gain deeper insights, the study employs segmentation analysis using PEU as a segmentation basis. By categorizing students into different segments, the study intends to delve deeper into the specific dynamics at play within each group, offering novelty in the understanding of mutual relationships between PEU and the aforementioned constructs.




2. Theoretical Framework and Literature Review


2.1. VR Engine Room Simulators in Maritime Training and Education


Real systems aboard ships provide a genuine experience; however, they are also extremely expensive to operate, have spatial and temporal restrictions, and pose safety risks and consequences. In the domain of Maritime Education and Training (MET), Marine Engine Room Simulators (MERSs) have been utilized for nearly thirty years for the purpose of educating and training marine engineers. Nowadays, MERSs are widely employed in maritime universities and seafarer training institutions around the world; meanwhile, the International Convention on Standards of Training, Certification, and Watchkeeping for Seafarers (STCW 78/95) also makes mandatory requirements for training marine engineers by using an MERS, which presents the significant importance of MERSs in training marine engineers [32,39]. While conventional MERSs have achieved satisfactory training effects, they come with limitations, including high costs, limited immersive experiences, and dependency on physical infrastructure and instructor involvement [12,31,40]. In response to the limitations of conventional MERS training methods, the concept of fully immersive and interactive VR engine room simulators has been recently developed, highlighting the growing interest in leveraging advanced technology for maritime education. One prominent example is the VR—Ship Engine Room simulator developed by the company Adriacom in cooperation with the Faculty of Maritime Studies at the University of Rijeka, Croatia. This fully immersive VR engine room simulation was specifically developed to assist maritime engineering students not only in acquiring hands-on experience but also in performing diagnostic procedures and managing simulated engine room operations as they would on a real vessel [41]. Another example is from Dalian Maritime University, China, where researchers developed a head-mounted, display-based Immersive Virtual Reality (IVR) marine engine training system based on HTC Vive Pro hardware [42]. Despite the growing interest of the scientific community towards exploring the potential of the integration of VR technology into seafarer training programs (e.g., [2,5,25,43,44,45,46,47]), studies that have specifically investigated the potential of fully immersive VR engine room simulators in maritime engineer training are relatively scarce and are mainly focused on maritime safety training, including topics related to firefighting and evacuation training [7,41,42,48,49,50].



The educational value of the VR technology in the field of engineering is well established. Scoping reviews conducted by [10,33,51,52] reported a variety of evidence supporting the advantages of incorporating VR technology into higher engineering education. The main findings of these investigations revealed that implementing VR activities in learning processes promotes students’ engagement, responsiveness and active control over the learning process, self-paced learning, and overall effectiveness and enhances the holistic comprehension of previously acquired knowledge.



However, there is a scarcity of research that specifically investigates the educational benefits of immersive VR technology in maritime higher education. Ogrizović (2024) [12] conducted one such study that offers valuable insights into this emerging field. He surveyed maritime students during immersive VR engine room trials and found that respondents who had never used the immersive VR technology held a positive view of its potential to improve their learning outcomes. In addition, the research demonstrated that these students were of the opinion that the immersive VR engine room simulator could substantially enhance the effectiveness of their training by providing a more interactive learning environment than traditional MERSs. These findings indicate a strong potential for the inclusion of immersive VR simulators in maritime higher education, though more comprehensive research is needed to fully understand the educational outcomes of VR-based training in this field.




2.2. Perceived Ease of Use (PEU)


The effective integration and utilization of VR in learning and educational environments are contingent upon the users’ acceptance and attitudes, including their PEU of this emerging technology [23,36,53]. The PEU constitutes an integral component of Davis’s Technology Acceptance Model (TAM), which is grounded in the Theory of Reasoned Action [37,54]. According to the TAM, PEU, along with Perceived Usefulness (PU), is considered a key factor (often termed as Usability construct) in impacting user attitudes towards technology acceptance and future usage [21,55]. Moreover, the results from distinct studies revealed positive relationships between PU/PEU and a diverse array of affective and cognitive factors, including the state of presence, enjoyment, cognitive benefits, and reflective thinking [56,57]. Dhingra and Mudgal [35] stated that although individuals may perceive a given technology as useful, they can simultaneously feel that it is difficult to use. Consequently, the effort required to utilize the technology may outweigh the performance benefits derived from its use. To date, the results of numerous studies that have explored the user experience with VR technology in the field of industry and education have highlighted that PEU, when regarded as an independent construct, may have direct or indirect positive impacts on users’ perceived usefulness [58,59], engagement in VR-based learning [20,36], and attitudes towards VR use [21,59]. In addition, several studies (e.g., [58,60,61]) have identified positive correlations between PEU and future behavioural intentions (e.g., the degree to which an individual intends to use or recommend VR as a learning tool to others). Other studies in the fields of hospitality, marketing, and e-learning found a positive relationship between PEU and overall satisfaction [62,63].




2.3. Segmentation


Segmentation involves the process of dividing the set of consumers (e.g., in this case, maritime students) into distinct homogeneous sub-groups based on various socio-demographic traits, needs, attitudes, or behavioural patterns [64,65]. In order for segmentation to be effective, the extracted sub-groups must be measurable, durable, and characterized by a high level of homogeneity [65]. There are two fundamental segmentation approaches, a priori/common sense and a posteriori/data driven [66,67]. The former pertains to the description and characterization of grouping criteria that are either known or specified beforehand (e.g., socio-demographics). The latter approach is used when there are no prior insights about a distinct group in advance. In order to discover homogeneous and mutually distinct sub-groups, statistical techniques (such as factor and/or cluster analysis) are implemented using the empirical survey data. The segments that are generated are subsequently profiled using variables that are deemed pertinent to the objectives of the study [66,68]. In the context of the current study, the initial step involved the selection of students from a maritime university as a special interest group, following the common-sense approach. During the second stage, a data-driven approach was implemented in accordance with the ratings of the PEU of the VR engine room simulator.





3. Materials and Methods


3.1. Hardware and Software


For this trial, we used a Meta Quest 2 (256 GB) VR headset and four equivalent VR headset devices with touch controllers, which is developed by the company Meta, formerly known as Facebook, based in Menlo Park, CA, USA. However, the VR simulator cannot be supported by the headset alone due to its limited hardware resources and the requirements of the simulator. Therefore, each of the four VR headsets was wirelessly connected to its own computer with a dedicated graphics card to run the VR simulator while receiving controls and sending rendered video from the VR headset wirelessly. Each computer had its own dedicated wireless connectivity card, allowing it to create a wireless hotspot for each VR headset to connect to, minimizing lag and maximizing bandwidth to maintain satisfactory video and response quality. The VR laboratory, the used equipment, and the familiarization of the trial participants can be seen in Figure 1.



Two of the computers used had an identical configuration, including a 13th Gen Intel Core i7-13700F (2.10 GHz) CPU, 32 GB DDR5-4800 (2400 MHz) RAM, and a NVIDIA GeForce RTX 4070 Ti 12 GB VRAM GPU. The third computer was equipped with a 13th Gen Intel Core i7-13700F (2.10 GHz) CPU, 32 GB DDR5-4800 (2400 MHz) RAM, and a NVIDIA GeForce RTX 3080 10 GB VRAM GPU. The fourth computer featured a 12th Gen Intel Core i7-12700F (2.10 GHz) CPU, 8 GB DDR4-2400 (1200 MHz) RAM, and a NVIDIA GeForce RTX 4070 Ti 12 GB VRAM GPU. All computers ran 64-bit Windows 10 Pro Version 22H2 and were equipped with an Intel Wi-Fi 6E AX210 160 MHz wireless card.



The VR simulator, called VR engine room, is created using 3D modelling software Blender 4.2 and Unreal Engine 5.4. It is specifically designed for use with Windows computers and it is compatible with a variety of VR HMDs, both wired and wireless.



Some of the features of the VR simulator are X-ray vision, which allows users to peer inside equipment by moving the housing; realistic object manipulation; and interaction with various objects such as starting engines, measuring cylinder pressure, manipulating valves, and using a fire extinguisher, as seen in Figure 2.



The simulator also includes simulation scenarios for fire, flood, blackout, and evacuation. Participants in the simulation are tasked with performing several activities, including using X-ray vision to inspect equipment interiors (by moving the housing), manually operating equipment and interacting with objects, using a fire extinguisher, and navigating through the virtual environment, as seen in Figure 3, Figure 4 and Figure 5.



A ship engine room model was created based on actual blueprints of an RO-RO ship; it is double-decked and measures 16.1 × 19.6 m. On the bottom deck, it has two main four-stroke diesel engines with shaft generators, three diesel generators, propeller shafts, cooling systems for sea and fresh water, pumps, valves, and pipelines. The upper deck has two heavy fuel oil purifiers, one diesel oil purifier, one service air compressor and two start air compressors, fuel and lubricating oil tanks, valves, and pipelines.




3.2. Sample


The population in the study consisted of 58 students from the Faculty of Maritime Studies at the University of Rijeka, covering undergraduate, graduate, and special education maritime programs. Most of the sample (75.9%) were marine engineering students, followed by trainees enrolled in a special education program for attaining the rank of second engineer officer (17.2%). The remaining participants included students from Logistics and Management in the Maritime Industry and Transport (5.2%) and Marine Electronic Engineering and Information Technology (1.7%) study programs, respectively. All participants were male and aged between 18 and 46 (Mdn = 22). Regarding VR use, 74.1% of the participants had never used a VR headset for educational purposes, 24.1% reported using one 1 to 5 times in their lifetime, and 1.7% had used it on a monthly basis.




3.3. Data Collection and Procedure


The sampling was conducted in a newly equipped VR laboratory at the Faculty of Maritime Studies, University of Rijeka, between 15 May and 15 June 2024. Students were approached before and/or after classes and asked to voluntarily participate in the VR engine room simulator familiarization, trials, and post-use survey. To respondents willing to participate, the lab personnel delivered a 25 min oral introduction including the study aim and brief familiarization with the VR engine room simulator features, where a lab staff member showcased the VR engine room features and controls using a wall projector, as depicted in Figure 1. They explained the process in real time so that participants could follow along. After the introductory part, participants were guided through a tutorial to test the VR engine room simulator under the observation and guidance of the survey team members. Finally, the students participated in a series of trial exercises, independently using the VR engine room simulator. On average, each participant completed the trials in 20 min.



Lastly, each participant was asked to complete a post-use questionnaire that measured their experience using the VR engine room simulator. Data were collected through a self-administered computer-based questionnaire with the Lime Survey tool. On average, each respondent took approximately 10 min to complete the questionnaire. Respondents showed a significantly high willingness to collaborate, as all 58 collected questionnaires were usable for further analysis. An overview of the procedure is given in Figure 6.




3.4. Instrument Design


As depicted in Figure 7, the questionnaire was partitioned into six main parts: 1. previous experience with VR technology in education, 2. perceived ease of use of the VR engine room simulator, 3. perceived benefits of using the VR simulator in learning and education, 4. future behavioural intention, 5. overall satisfaction, and 6. socio-demographic information. In section one, participants rated their previous experience with VR technology in education on a 5-point Likert scale from 1 (never) to 5 (always/weekly). For sections two (4 items), three (6 items), and four (3 items), students were asked to respond on a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree) for each statement provided. Overall satisfaction was measured using a single item on a 5-point Likert scale, from 1 (very unsatisfied) to 5 (very satisfied). The final section of the survey gathered information about participants’ socio-demographic characteristics, including age, degree level, and program title. Measurement items in sections two, three, and four were drawn from different authors [20,53,56,57,69] and adapted to align with the current research context.




3.5. Data Analysis


As shown in Figure 7, the collected data were processed and analysed using the IBM Statistical Package for the Social Sciences 23.0 (SPSS). Firstly, hierarchical (Ward’s method) and non-hierarchical (K-means) clustering procedures were utilized to identify target segments. Subsequently, an independent sample t-test was conducted to examine the internal consistency of segments and their differences in perceived benefits, future behavioural intention, and overall satisfaction. In cases where the assumption of variable homogeneity was not met (Levene’s test; p > 0.05), Welch’s t-test was accordingly reported. For normality, values of skewness and kurtosis were used. The values satisfied the cut-off level of ±2.58 [70,71]. There were no outliers in the data, as assessed by the inspection of a boxplot for values greater than 1.5 [70]. Perceived ease of use was assessed using four items (e.g., “My interaction with the VR simulator was clear and understandable”) and demonstrated a Cronbach’s alpha of 0.734. The perceived benefits of VR learning were evaluated through six items (e.g., “Using the VR simulator facilitates the comprehension of my previously acquired knowledge”) and yielded a Cronbach’s alpha of 0.910. Behavioural intention was gauged using three items (e.g., “I would study more if I had access to VR simulations in my field”) and showed a Cronbach’s alpha of 0.852.





4. Results


4.1. Segmentation Procedure


A cluster analysis was conducted to segment the maritime students according to their rating of the PEU of the VR engine room simulator (Figure 8). Since the number of segments was not known in advance, Ward’s hierarchical cluster procedure with squared Euclidian distance was first used to determine the most appropriate number of clusters. The results of group membership, agglomeration coefficient, and associated dendrograms suggested two and three clusters. Consequently, a non-hierarchical K-means cluster method was employed to additionally test grouping alternatives. A solution with two clusters was deemed appropriate because the obtained segments displayed the most satisfactory characteristics regarding interpretability and measurability. An independent sample t-test and Welch’s t-test result revealed that the segments’ mean scores significantly differed on all four measurement items at the probability level p < 0.001 (Table 1). The first segment, labelled Proactivists, accounted for 65.5% of the total sample and was composed of students who mostly perceived the VR engine room’s simulator PEU as positive (M > 4). The second segment, which comprised 34.5% of the total sample, was designated as Moderates because the average rating scores for all examined PEU items were between three and four (Figure 8).




4.2. Segment Differences in Perceived Benefits of VR in Learning, Future Behavioural Intention, and Overall Satisfaction


Segment differences in perceived VR engine room learning benefits, future behavioural intention, and overall satisfaction are presented in Table 2, Table 3 and Table 4, respectively.



A statistically significant difference between the two segments was recorded for perceived benefits of VR in learning for four out of six measurement items: comprehending the previously acquired knowledge, t(29.1) = 3.19, p < 0.001; controlling the learning process t(56) = 2.76, p = 0.008; improving learning effectiveness t(56) = 3.20, p = 0.012; and stimulating responsiveness and active learning, t(56) = 2.29, p = 0.026.



As displayed in Table 2, Proactivists provided statistically significant higher mean scores for the intention to include the VR engine room simulator as a part of their learning activities, t(28.2) = 3.15, p = 0.009, and recommend it to others, t(56) = 2.35, p = 0.022. Compared to Moderates (M = 4.15), Proactivists expressed a higher level of overall satisfaction with the VR trial experience (M = 4.68); t(56) = 2.91, p = 0.005.





5. Discussion


The primary idea of this applied research was to broaden the current body of knowledge by examining the utility of data-driven segmentation analysis based on PEU in exploring the differences among maritime students in regard to (i) their attitudes towards the benefits of the immersive engine room VR simulator for learning and education, (ii) future behavioural intentions, and (iii) overall VR experience.



The primary discovery provides compelling evidence that maritime students do not respond homogeneously when it comes to the PEU of the VR engine room simulator. Namely, the segmentation analysis demonstrated that the two extracted sub-groups (i.e., Proactivists and Moderates) exhibited a high level of homogeneity and comparability (see Figure 6 and Table 1), which is indeed considered a key characteristic of an efficient market segmentation [65]. The students who had a positive experience with the VR engine room simulator, e.g., finding it user friendly, easy to understand, intuitive, and not too demanding (M > 4), were labelled as Proactivists. This term was chosen because their responses mirrored the definition of proactive behaviour described as one who is self-starting and change or future oriented [72,73]. Those students who rated the PEU items moderately (3 < mean < 4) were simply named as Moderates. Despite the fact more than one-third of the respondents were classified as Moderates, it is important to consider the fact that the majority of the students had no prior experience with VR technology in education and that the research was conducted during the trial use of the VR engine room simulator. Therefore, these findings should be viewed from a positivist perspective, as they offer valuable guidance for enhancing students’ assimilation to the VR engine room simulator in the future. The authors of this study propose that educators should give more priority to the familiarization procedures. For instance, during the initial phase, students can be progressively introduced and systematically guided through a series of elementary training exercises to acquire proficiency in fundamental movement and develop a comprehension of spatial perception in the virtual environment. This strategy will enable users to enhance their comprehension of the VR environment, hence enabling them to efficiently complete more sophisticated tasks in subsequent training phases, including executing emergency protocols in a flooded engine room or managing a fire. Additionally, educators and software developers may consider the integration of a series of interactively guided tutorials, which would allow students to independently familiarize themselves with all the features and capabilities of the VR engine room simulator.



Regarding the perceived benefits of using a VR engine room simulator in learning and education, the findings revealed that segments differed significantly with respect to four of the six benefit variables. The results suggest that the perceived benefits of a VR-based learning environment are contingent upon the quality of the interaction experience (i.e., PEU) that an individual has while engaging with the given VR setting. Consequently, the findings provide a captivating foundation for further discussion.



The most significant discrepancy among the segments was found for the benefit item “Comprehending the previously acquired knowledge” in favour of the Proactivists group. The findings imply that interaction factors like the perceived understandability and intuitiveness of the VR engine room simulator, if viewed favourably, may play a significant role in influencing perceived advantages of using the VR environment for the assessment and application of previously learned theoretical knowledge. In addition to educators, these study findings can also provide software developers with valuable insights and new perspectives on how to improve the end-user experience in order to maximize learning benefits, as the software features have a significant impact on factors such as the perceived ease of use [53]. Interestingly, a consistent pattern of ranking was noticed regarding the VR benefits related to self-paced learning and self-engagement. This finding is intriguing because it essentially suggests that, despite differing attitudes towards other perceived benefits, both sub-groups equally regard the use of the VR engine room simulator as a prominent tool that allows them to have control over their engagement and the pace at which they can learn.



Ultimately, the research demonstrated that Proactivists were more satisfied with the overall experience of the VR trials and were more likely to recommend the VR engine room simulator to others and use it in the future for educational functions. These results were somewhat anticipated, as they echo the findings of [60,63,64,73], who discovered that when VR learning environments are perceived as intrinsically interesting, understandable, and intuitive, this perception may have positive impact on overall satisfaction and the development of a positive attitude towards future use.



The use of VR technology, although beneficial, can also have some potential risks associated with it. Therefore, the authors of this study believe its worthy to shed some light on some of these risks. Namely, based on our qualifications and research, we provide our subjective observations and the feedback we received from test subjects regarding the potential risks of using VR technology. The symptoms primarily consist of physical discomfort and are categorized as “cybersickness” or Virtual Reality-Induced Symptoms and Effects (VRISEs) [74,75]. These include motion sickness (disorientation, dizziness, and nausea), eye strain or fatigue, physical injuries, and repetitive strain injuries. During the trials, some participants experienced collisions with real-world objects due to limited space. This suggests that even if a VR user remains mostly stationary, they may still move slightly, which could result in collisions with nearby objects. One participant with claustrophobia initially struggled with using VR, as per [76]; however they eventually adjusted and completed the experiment. Extended use or exposure to dynamic scenarios seemed to exacerbate symptoms or prolong their effects. Additionally, individuals required varying amounts of time to adapt to VR, which could be influenced by their past VR experience and other factors. However, the side effects are generally temporary and mild, varying from person to person. Nonetheless, we must acknowledge that some individuals may experience more adverse reactions, though such cases are rare. As for mitigating the cybersickness, perhaps it would be beneficial to employ a whole-body controller or treadmill, such as in [77], thus alleviating some of the symptoms due to a more natural interaction while walking or interacting with the virtual world. However, the type of content displayed, or rather its level of dynamics, can also affect the level of symptoms experienced, as per [78]. Regarding education, we believe that VR technology complements traditional learning but has not advanced enough to replace it entirely, especially in maritime education. The VR simulator can be a useful training tool; however, its implementation in education curricula should be introduced gradually given that VR technology still under development.




6. Conclusions


The results indicated that segmentation based on the perceived ease of use may be considered a reliable and stable approach to exploring the differences in maritime students’ attitudes towards the benefits of VR engine room simulators in learning and education, their future behavioural intentions, and overall experiences. Furthermore, the research underscores the importance of incorporating user feedback to ensure the optimal performance and usability of innovative VR technologies in the future education of maritime students.



As mentioned in the previous section, there is a general lack of research on the potential implementation of VR technology in maritime education, particularly concerning specialized immersive VR engine room simulators. Consequently, this study makes several significant contributions to the current body of knowledge. These contributions include (i) providing a novel approach to exploring the potential of segmentation analysis based on PEU; (ii) validating the stability of extracted segments by examining maritime students’ attitudes towards the benefits of using VR engine room simulators in learning and education, future intentions for use, and overall experience; and (iii) offering new perspectives on the importance of understanding the demand side for the further development and implementation of VR technology in maritime education.



Based on the findings, it is evident that just over 30% of students (i.e., Moderates) did not fully integrate with the VR engine room simulator. Therefore, educators should prioritize the development and implementation of specialized introductory protocols to ensure more students can become well acquainted with the interaction features of the VR simulator. Moreover, the benefits of creating introductory protocols could have significant impacts on students’ perception of the possibilities and advantages of the usage VR technology for maritime education in the future.



However, it is imperative to recognize some study limitations. As the survey was conducted in a recently opened VR laboratory, which is still in the developmental phase, the sampling was conducted during a relatively restricted period (one month) at the end of the academic year. Thus, the results, while valuable and reliable, should not be generalized, despite the acceptable sample size (n = 58). In this context, we suggest implementing a long-term sampling protocol to verify not only the stability of the identified PEU segments and but also to further detect their variances using different socio-demographic, attitudinal, and behavioural variables. Another possible limitation of this study is again associated with the sample size, which indirectly impeded the application of more sophisticated statistical procedures, including CFA and Structural Equation Modelling (SEM). With a larger sample size, it would be possible to establish and validate an appropriate model based upon which the direct and indirect relationships between PEU and different affective and cognitive constructs could be empirically determined to obtain deeper understanding of the potential of using the VR engine room simulator as a learning tool in maritime education.



Finally, the rationale behind the utilization of a combined approach of segmentation methods should be outlined. Initially, hierarchical clustering was employed to obtain an understanding of the potential number of cluster solutions, as it can disclose the nested structure of the data without necessitating a predetermined number of clusters. However, it is not particularly robust, as even a minor alteration in the data can result in a completely different clustering outcome, which is especially problematic when considering a small sample, as in the case of the present study. To address this limitation, the K-means clustering method was subsequently implemented to resolve this constraint. K-means is less sensitive to small samples and produces well-separated, convex clusters that are simpler to group, visualize, and interpret. Considering the relatively small sample size, by combining hierarchical and non-hierarchical methods, the analysis benefits from the flexibility of hierarchical clustering while also leveraging the simplicity and interpretability of non-hierarchical approaches.
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Figure 1. Depiction of the VR laboratory, equipment, and the familiarization of the participants. 
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Figure 2. Some of the possible interactions possible in the simulator (e.g., engine start, fire extinguisher use, blackout flashlight). 
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Figure 3. Main engine cylinder pressure measurement procedure using a pressure gauge. 
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Figure 4. Valve operation procedures, including one-handed and two-handed (last with X-ray vision). 
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Figure 5. Fire extinguisher priming and subsequent use on a fire (successful fire extinguishment). 
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Figure 6. Depiction of the research design procedure containing the introduction consisting of familiarization and user manual training, followed by the trial and survey. 
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Figure 7. Instrument design, data collection process, and analysis procedure flowchart. 
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Figure 8. Distribution of mean scores by segments. 
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Table 1. Characterization of the PEU-based segments.
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Segments

	




	
Proactivists

	
Moderates

	
df

	
t

	
p-Value




	
M

	
SD

	
M

	
SD

	






	
Understandable a

	
4.37

	
0.54

	
3.40

	
0.88

	
26.7

	
4.48

	
<0.001




	
Effortless

	
4.47

	
0.65

	
3.00

	
0.73

	
56

	
7.91

	
<0.001




	
Easy to use

	
4.29

	
0.52

	
3.20

	
0.77

	
56

	
6.43

	
<0.001




	
User friendly a

	
3.97

	
0.59

	
3.20

	
0.84

	
29.3

	
3.70

	
<0.001








Note: a A Welch test was reported, as the assumption of homogeneity of variables has not been met.













 





Table 2. Differences between segments in perceived benefits.
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Segments

	




	
Proactivists

	
Moderates

	
df

	
t

	
p-Value




	
Perceived VR Learning Benefits

	
M

	
SD

	
M

	
SD

	






	
Comprehending the previously acquired knowledge a

	
4.00

	
0.57

	
3.35

	
0.81

	
29.1

	
3.19

	
<0.001




	
Controlling the learning process

	
3.97

	
0.75

	
3.35

	
0.93

	
56

	
2.76

	
0.008




	
Promoting self-paced learning

	
3.87

	
0.81

	
3.7

	
0.98

	
56

	
0.70

	
0.487




	
Improving the effectiveness of learning a

	
4.13

	
0.58

	
3.45

	
1.05

	
25.2

	
3.20

	
0.012




	
Stimulating responsiveness and active learning

	
4.16

	
0.59

	
3.70

	
0.92

	
56

	
2.29

	
0.026




	
Enhancing self-engagement in the learning activity

	
4.05

	
0.66

	
3.65

	
0.99

	
56

	
1.86

	
0.068








Note: a A Welch test was reported, as the assumption of homogeneity of variables has not been met.













 





Table 3. Differences between segments in future behavioural intention.
