

  applsci-14-01050




applsci-14-01050







Appl. Sci. 2024, 14(3), 1050; doi:10.3390/app14031050




Article



Exploring the Efficacy of Mixed Reality versus Traditional Methods in Higher Education: A Comparative Study



Radu Emanuil Petruse 1, Valentin Grecu 1,*, Maja Gakić 2, Jorge Martin Gutierrez 3 and Daniel Mara 4





1



Faculty of Engineering, Lucian Blaga University of Sibiu, 550024 Sibiu, Romania






2



College “Logos Centar” Mostar, 88100 Mostar, Bosnia and Herzegovina






3



Higher School of Engineering and Technology, Universidad de La Laguna, 38071 San Cristóbal de La Laguna, Spain






4



Faculty of Social Sciences and Humanities, Lucian Blaga University of Sibiu, 550024 Sibiu, Romania









*



Correspondence: valentin.grecu@ulbsibiu.ro; Tel.: +40-742-331-689







Citation: Petruse, R.E.; Grecu, V.; Gakić, M.; Gutierrez, J.M.; Mara, D. Exploring the Efficacy of Mixed Reality versus Traditional Methods in Higher Education: A Comparative Study. Appl. Sci. 2024, 14, 1050. https://doi.org/10.3390/app14031050



Academic Editor: Andrea Prati



Received: 13 January 2024 / Revised: 19 January 2024 / Accepted: 23 January 2024 / Published: 26 January 2024



Abstract

:

“Immersive technology” is a broad and evolving term that encompasses various kinds of technologies and viewpoints, and has applications in various fields, such as education, healthcare, entertainment, the arts, and engineering. This research paper aims to compare the effectiveness of two teaching methods, namely the conventional method (using PowerPoint slides), and the immersive technology method (initiating a mixed reality with a HoloLens 2 device). The experiment involved two groups of students, aged between 19 and 52 years-of-age, who received different types of instruction: the first group viewed a PowerPoint slide with an image of the human muscular system, and the second group viewed a 3D hologram of the human body that displayed the same muscle groups as in the PowerPoint slide. The researchers wanted to examine if mixed reality devices could improve students’ cognitive abilities and explore if the age of the participants had any impact on the effectiveness of the instruction method. The main findings of this study are that the instruction method that used mixed reality technology, the Microsoft HoloLens 2 device, was more suitable for younger participants, and that traditional instruction methods, such as PowerPoint slides, are more appropriate for older students. While this research provides some valuable insights into the factors that influence student performance in anatomy tests, it has some limitations that should be considered.
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1. Introduction


Immersive technology is a dynamic and emerging field that utilizes digital media to create authentic and interactive learning environments. Virtual reality (VR), augmented reality (AR), mixed reality (MR), and movie 360 are among the various technologies that fall under the umbrella of immersive technology, whose potential to enhance learning outcomes has been widely documented [1]. Immersive technology, a cross-disciplinary field, has been applied in areas like healthcare, education, and crisis management. It has also been used to develop engaging and lifelike situations that enhance learners’ cognitive, emotional, and behavioural abilities [2,3,4,5], and has been applied in a variety of sectors, including entertainment, the arts, and engineering [6,7,8,9].



While immersive technology has the potential to enhance learning outcomes and create engaging and immersive experiences for learners, it also has some drawbacks and limitations, such as technical issues and accessibility barriers, and also raises a number of ethical concerns [10,11,12].



This paper focuses on mixed reality (MR) technologies and considers their effects on learning and memory by comparing them against to traditional teaching methods, such as PowerPoint presentations. MR technologies create immersive environments that blend the real and virtual worlds, and can be experienced through devices such as the HoloLens. The paper also examines the influence of participants’ age on their learning outcomes by applying these different methods. This paper explores the potential of MR technologies in education, and thereby contributes to an ongoing discussion of how immersive technology can be effectively utilized in a way that enhances learning outcomes and improves educational practices.



1.1. Immersive Technologies in Education


“Immersive technology” is a term that describes the combination of virtual elements and the real world on terms that enable the user to interact naturally with both. The concept of immersive technology can be traced back to the early 1960s, when Sutherland [13] created the “Human Machine Graphic Communication System”, the first immersive prototype of human-computer interaction. Since then, many kinds of immersive technologies have been developed, including VR, AR, RM, holography, telepresence, digital twins, and FPV drone flight [1].



“Immersive technology” is a term that means different things to different researchers. Some researchers, like Slater [14], focus on the amount of sensory information delivered by the technology (to users), along with its level of success in doing so, and conclude that immersive technology can give users a large amount of high-quality sensory information. Other researchers [15] focus on how the technology can make users feel like they are in a different world, and conclude that immersive technology can blur the boundary between reality and virtuality, creating a feeling of immersion. A third group of researchers [16] consider both aspects of sensory information and immersion, and conclude that immersive technology is creating a realistic digital environment, which users feel they inhabit and interact with.



Immersive technologies can create realistic and engaging learning environments that support effective pedagogies and learning outcomes [1,8,17], and can foster constructivist and experiential learning, where learners construct their own knowledge, practice skills, develop creativity, and comprehend abstract concepts [18]. The Association for Medical Education in Europe argues that “Projects for effective medical e-learning must reflect the dynamics and details of real-world practice, as well as provide effective learning opportunities” [19,20], which suggests that immersive technologies can offer valuable benefits for medical education and training that can be transferred to other fields that require practical and problem-solving abilities [1,21].



Immersive technologies, such as AR, VR, and MR can enhance student learning outcomes in various educational contexts and broaden learning environments beyond primary and higher education settings by overcoming limitations in physical space, fostering collaboration and experiential learning, and offering personalised learning approaches that can support students, regardless of their knowledge level [22].



Immersive technologies has been increasingly adopted in education, and especially in health and science teaching [1,7,21,23], where they These enable students to explore complex topics and scenarios in a realistic and interactive way and, to a greater extent than conventional methods, improve their learning outcomes.



Hamilton et al. [6] reviewed 29 studies that compared immersive VR with head- mounted display and other teaching methods, and found that immersive VR usually improved learning outcomes, in opposition to some studies that did not show any difference, and two studies, which showed immersive VR had negative effects [24,25]. The review also pointed out some problems with current research, such as short duration, no memory tests, and poor evaluation methods, and also raised the focus on science as an issue [26,27].



Ryan et al. [21] analysed 29 trials (N = 2722 students) that compared the application traditional and immersive technologies (VR, AR, or MR) in medical and nursing education, and found that, while the knowledge of both groups was the same, immersive technologies produced a better learning experience. They also reported that immersive technologies increased student satisfaction, self-efficacy, and engagement, suggesting that they are ideal for education.



The effectiveness of VR/AR/MR in different domains and contexts is still being investigated, and so are the factors that influence their design and implementation. Medical education is one of the domains that has shown great potential for VR/AR/MR applications, as students have benefitted from realistic and safe simulations of anatomical structures, physiological processes, and clinical scenarios. For example, Odame and Tümler [28] found that using off-the-shelf VR software (namely Sharecare YOU VR) to teach the anatomy of the human heart was more effective and satisfying than a conventional teaching method. Similarly, Banjar et al. [29] reviewed 12 experimental studies of the use of mixed reality in higher education, and found that most focused on 3D manipulation, visualization, and understanding of 3D object layers and components, especially in the medical and health sciences. The use of VR/AR/MR also presents opportunities and some challenges for instructional design, including the fact these technologies may impose different cognitive demands and preferences on learners and instructors. Therefore, it is important to consider the principles and theories of human cognition and learning that can guide the development and evaluation of VR/AR/MR interventions. One of the most influential theories in this regard is cognitive load theory (CLT), which is based on the assumption that human cognitive architecture consists of a limited capacity working memory and an unlimited capacity long-term memory, and which also holds that instructional methods should reduce the unimportant cognitive load and facilitate the intrinsic and relevant cognitive load associated with learning complex information [30,31]. Another relevant theory is the learning style theory, which suggests that learners have different preferences in relation to different approaches to instruction, and that instructors should balance their teaching methods to accommodate the diversity of learning styles in their classes [32,33]. However, both CLT and learning style theory have received some criticisms, in the educational and psychological literature, and have also given rise to a number of controversies, so their applicability to, and validity for, VR/AR/MR contexts needs further investigation. Dowling et al. [34] performed empirical studies that examined the effects of VR/AR/MR on learning outcomes and cognitive load, along with the moderating role of learning styles and other variables.



Another domain that has been influenced by the use of VR/AR/MR is adult education, where students can access flexible and self-directed learning opportunities that suit their needs and preferences. However, the impact of different Web-based delivery formats, such as hybrid and online, on adult students’ self-directed learning readiness (SDLR) and affective learning outcomes, such as motivation, satisfaction, and attitude, is still unclear. Nikitenko [35] compared the hybrid and online groups of 563 students enrolled on courses at the University of San Francisco and found no significant differences or relationships between the delivery formats, SDLR, affective learning outcomes, prior e-learning experience, and age, before concluding that SDLR and related programming are important for enhancing adult students’ learning experiences and outcomes in Web-enhanced settings.




1.2. Network Visualization of the Literature on Augmented and Mixed Reality in Education


In order to provide a comprehensive and visual overview of the current state of research of the use of augmented and mixed reality in education, we utilized the VOSviewer 1.6.20 software tool [36]. By using this tool, we were able to create a network visualization that offers a focused overview of the key subjects and trends in the study of augmented mixed reality in education.



The visualizations are based on the keywords that most frequently occur in the literature. A threshold, which was determined on the basis of bibliographic data extracted from the Web of Science (WoS) and Scopus databases, needed to be met for a keyword to be included in the visualization. By setting this threshold, we were able to concentrate the visualization on the most frequently occurring, and potentially most significant, terms in the field of augmented mixed reality in education. This effectively filtered out less frequently-used terms, making the visualization less cluttered and more interpretable.



By using VOSviewer, we were able to generate network visualizations based on bibliographic data from the WoS (Figure 1a) and Scopus (Figure 1b) databases. The keywords used for these visualizations were “mixed reality”, “augmented reality”, and “education”. Our search yields of the SCOPUS database yielded 1068 documents, and the search of the WoS database yielded 1530 documents. Documents were then filtered so that only those with selected keywords in the title, abstract, or keywords are left.



The resulting visualizations offer a graphical representation of relationships and connections between keywords in the literature. Figure 1a, b presents a keyword cloud generated with VOSviewer, representing the interconnectedness and frequency of various keywords associated with augmented and mixed reality in education.



The network cloud provides an overview of the current trends, focus areas, and terminologies that are prevalent in the field of augmented and mixed reality in education. Prominent terms like “augmented reality” and “education”, which are central to the image, are in larger font sizes, indicating their frequency in, or significance to, the field. These central terms are surrounded by other related keywords, such as “engineering education”, “learning environments”, “human-computer interaction”, and “extended reality”, which clearly show the extensive range of topics associated with augmented and mixed reality in education.



The lines connecting some of the circles highlight relationships or connections between specific terms, illustrating how these concepts are interrelated within the wider context of augmented and mixed reality in education. This image visually summarises the current state of the field, and also shows key themes related to augmented and mixed reality in education. These images provide an overview of the main topics, and also show their interconnections in the wider field.



In addition, we analysed the relationships and connections between various terms related to augmented and mixed reality and the use of PowerPoint in education by using the SCOPUS database (Figure 2). After referring to the WoS database, we could only identify one article [37] that included all the selected keywords, which was insufficient to generate a network visualization.



Here are some key observations about the network cloud obtained from the SCOPUS database: The terms “augmented reality”, “virtual reality”, “e-learning”, and “education” are prominent, indicating they are key areas of focus for the research of augmented mixed reality in education.



Lines in different colours connect these terms, indicating various types of relationships or levels of connection.



Some terms, like “immersive virtual reality” and “safety training”, are connected but positioned on the periphery, possibly indicating specialized or niche areas within the broader context.



The term “students” is connected to “curricula”, “learning systems”, and “computer- aided instruction”, highlighting a focus on educational content.



One limitation of the scientific literature that compares mixed reality (MR) to traditional PowerPoint methods to assess their influence is the scarcity of attention given to the age factor, with the result that it is infrequently acknowledged as a significant variable. In our review of the existing research, we could not identify any studies that include age as a parameter in their assessment of the efficacy of these instructional approaches.



One factor that may affect the adoption, and effectiveness, of technology enhanced learning (TEL) in higher education is the age of the students, which may influence their use of, and attitudes towards, technology, as well as their learning outcomes and cognitive load. However, studies of the relationship between TEL and age are scarce and inconclusive, and the ones that do exist use different definitions, measures, and methods. Some studies have found that, while mature students (usually defined as those over 21 years-of-age) use fewer technologies less frequently than younger students, they tend to have similar, or even slightly more positive, attitudes towards technology [38,39]. Other studies found that age is not a significant predictor of technology use or attitudes, and identified other variables, such as computer experience, self-efficacy, and perceived usefulness, to be more important [40]. Moreover, some studies have suggested that age may interact with other factors, such as the type and quality of the TEL intervention, the domain and level of the course, the assessment method, and prior knowledge and experience of students, to influence students’ learning outcomes and cognitive load. For example, Ref. [41] found that younger students performed better and reported lower cognitive load than older students when using a smart classroom system that supported a novel learning flow; and that students performed better and reported lower cognitive load when using a conventional classroom system. These findings indicate that age is a complex and multifaceted variable that needs to be considered in the design, implementation, and evaluation of TEL interventions in higher education.



Oversight of this is a critical gap, given the diverse age groups present in higher educational settings. In recognizing this, we incorporate age as a key variable in the investigation, and suggest that it may play an important role in determining the effectiveness of instructional methods, particularly in the context of immersive technologies like MR. Learners across different age brackets possess distinct cognitive abilities, preferences, and learning styles, and it is essential to understand how age interacts with the choice of instructional methods when designing tailored and effective educational interventions.



By acknowledging and addressing this gap, our research does not not only contribute to the existing knowledge about the comparative effectiveness of MR and PowerPoint but also argues that the age-related nuances of these methodologies should be explored in more depth and detail.



The following sections present our method, findings, and analysis, and explore the complex interplay of age, instruction methods, and learning outcomes. Through this approach, we aim to provide an overview of the potential benefits and drawbacks of using immersive technologies in various educational contexts.





2. Materials and Methods


This study employed a quasi-experimental design to compare the effectiveness of mixed reality (MR) and PowerPoint (PPT) presentations, when used as teaching methods in the teaching of the human muscular system. The study also explored the moderating role of participant IQ in the learning method effects.



After analysing the state of research, we were able to formulate the following research question: How does the use of mixed reality technology (a HoloLens 2 device) affect the learning outcomes and cognitive load of students from different age groups, when compared to the use of PowerPoint slides? We consequently adopted the following hypothesis: The use of mixed reality technology (a HoloLens 2 device) will result in better learning outcomes than the use of PowerPoint slides.



Following the confirmation of the research question and the hypothesis, we defined the objectives of this study:




	
Compare the effectiveness of two teaching methods, the conventional method (using PowerPoint slides) and the immersive technology method (using mixed reality and a HoloLens 2 device), in relation to learning outcomes and student cognitive load.



	
Investigate the moderating role of age in the teaching methods—learning outcomes—student cognitive load relationship.



	
Identify the implications and provide recommendations that will assist and guide the design and implementation of immersive technology interventions in education and training.








2.1. Participants


A total of 115 students, drawn from Lucian Blaga University of Sibiu’s Faculty of Engineering and Faculty of Social and Human Sciences (in Subiu, Romania) and College Logos Centar (in Mostar, Bosnia and Herzegovina), participated in this study. The participants (43 females and 72 males) were aged between 19 and 52 years-of-age, with a mean age of 23.32 years-of-age. They were randomly assigned to either the MR group or the PPT group, with 50 and 65 students in each group, respectively, and the two groups were then matched, on their IQ and prior knowledge of the human muscular system, by a pre-test.




2.2. Materials


The MR group used Microsoft HoloLens 2 devices to study a holographic representation of the human muscular system. The HoloLens 2 is a head-mounted display that projects 3D images onto the user’s field of view, creating a mixed reality environment. The device has a resolution of 2048 × 1080 pixels per eye, a field of view of 52 degrees, and a refresh rate of 60 Hz. The device also has a built-in speaker, microphone, and camera, allowing the user to interact with the hologram by using voice, gesture, and gaze commands. The hologram used in this experiment was developed by Case Western Reserve University, as a free app called HoloAnatomy, and displayed both different colours for muscle groups and labels for the most important muscles, as shown in Figure 3.



The PPT group used a laptop computer and a projector to view a PowerPoint presentation on the human muscular system. The presentation consisted of 1 slide, containing the front and rear views of the human muscular system, and text pointing to the major muscles in the body. The presentation was designed so that it covered the same content, and provided the same level of detail, as the hologram.



The multiple-choice tests were chosen to measure the learning outcomes because they have several advantages in our research context. In this case, the main advantage of the multiple-choice tests is that they are easy to administer and evaluate, especially when a digital platform such as Google Forms is used. This made it possible to collect and analyse the participants’ responses by efficiently using simple statistics. Second, multiple choice tests can cover a wide range of content and be used to assess different levels of understanding, extending from the recognition of facts to the application of concepts [42,43]. Questions were designed to reflect the learning objectives of the research and to establish if the learning method that uses the HoloLens 2 device is more efficient than the traditional method that uses PowerPoint presentations when the human muscular system is studied.



In designing the content, goals, and other aspects of the different implementations, we drew on the guidelines and recommendations of previous studies that used MR devices (such as HoloLens) to enhance the learning outcomes of students in various domains. We also consulted with experts in the field of human anatomy and physiology to ensure the accuracy and relevance of the content, and to establish the goals of the learning material on the human muscular system. To ensure the even-handed treatment of the two research groups (students who studied the human muscular system by using the HoloLens 2 device, and students who studied this with a traditional PowerPoint presentation) to the greatest possible extent, we made sure that there were no significant differences between their IQ level and prior knowledge of the topic. The same learning objectives, content, and duration were also applied to both groups, who did not receive additional instruction nor guidance. The only difference was the mode of delivery, with one group receiving instruction through MR (using the HoloLens 2 device), and the other through PowerPoint.




2.3. Procedure


The experiment was conducted in accordance with Figure 4, and involved the following steps:




	
The participants were welcomed, informed about the purpose and procedure of the study, and then asked to sign a consent form, fill out a demographic questionnaire and undertake an IQ test (based on Raven’s progressive matrices method).



	
The participants were given a pre-test that assessed their prior knowledge of the human muscular system. The pre-test consisted of an interview, with questions about the basic anatomy, physiology, and relative positioning of the muscles.



	
The participants were randomly assigned to either the MR group or the PPT group and then directed to separate rooms. They were instructed to self-study the material for 10 min by using either the HoloLens device or the laptop and projector.



	
The participants were given a post-test to measure their learning outcomes. The post-test had a time limit of 15 min, included 20 multiple choice questions drawn from similar topics to the pre-test, and was administered online by using Google Forms.








At the end, the participants were thanked and debriefed, and were asked to provide feedback about their learning experience and state their satisfaction (or dissatisfaction) with the material and device.




2.4. Data Analysis


The data collected from the online questionnaires were exported to Microsoft Excel and Minitab 20 software for analysis. The primary objective of the data analysis was to compare the learning outcomes of the two groups by conducting a 20-question anatomy test. In addition, the study also sought to explore the potential moderating role of participant age in learning method effects.



The following statistical tests were performed to answer the research questions:



A t-test was used to compare the mean anatomy test scores of the two groups The t-test was a two-tailed, independent samples test, with a significance level of 0.05. The null hypothesis stated there would be no difference between the mean anatomy test scores of the two groups, while the alternative hypothesis claimed there would be a difference.



A multiple regression analysis was used to examine the relationship between the learning outcomes and the age of the participants. The multiple regression analysis was a linear, multivariate test, with a significance level of 0.05. The dependent variable was the learning outcome, and was measured by the anatomy test score. The independent variables were the learning methods (which were measured by a dummy variable that indicated whether the participant was in the MR group or the PPT group), and the age of the participants. The null hypothesis stated there would be no relationship between the learning outcome and the independent variables, while the alternative hypothesis claimed a relationship would exist.



Before the statistical tests were conducted, data were checked for normality, homogeneity of variance, and outliers, before any violations of the assumptions or extreme values were reported and addressed accordingly.





3. Results


3.1. Descriptive Statistics


This study involved the voluntary participation of students from the Lucian Blaga University the College Logos Centar. The participants, who numbered 115 in total (see Figure 5), were randomly allocated to one of two research groups.



Table 1 shows the learning outcomes recorded for the two study groups, and displays the instruction method and gender of participants.



Analysis of the IQ scores of participants with Raven’s standard progressive matrices test showed that students who received instruction with the HoloLens achieved similar IQ scores to the group instructed with traditional teaching methods. Figure 6 provides a visual representation that supports the claim there were, taking participant IQ scores into account, no significant differences between the two groups.




3.2. Inferential Statistics


To test the hypothesis that the type of instruction would affect student learning outcomes, a series of independent-samples t-tests were conducted to compare the mean anatomy test scores of the two groups - this revealed differences between the two groups, with the PPT group scoring slightly higher than the MR group. The effect size was small (t = −0.723), indicating that the magnitude of the differences was modest.



As shown in Figure 7, the students who received PowerPoint instruction performed slightly better in the test than those who learned the material with HoloLens. The first group of students had a mean score of 9.123 and a standard deviation of 4.314, and the second group of students had a mean score of 8.4 and a standard deviation of 3.608. While PowerPoint instruction may have some learning outcome advantages (over HoloLens instruction), the difference is not very large.



Although the results indicate a slight performance advantage for the PowerPoint instruction group, it is important to consider other factors that may have influenced the outcome, which include factors such as individual learning styles, prior experience with the instructional technology, and the specific content being taught, which could all have contributed to the observed differences.



It is also worth noting that the standard deviations of both groups are relatively high, indicating a wide range of individual performance within each group. This suggests that there is considerable variability in how students engage with, and benefit from, different instructional approaches.



In order to investigate the reasons for the different levels of performance and identify the optimal instructional method for each situation, we conducted a multiple mathematical regression analysis of the anatomy test scores, participant age and the type of instruction received (HoloLens vs. PowerPoint). The results, displayed in Figure 8, reveal that both the age and the instruction method (HoloLens vs. PowerPoint) had a significant (p = 0.004) influence on the learning outcomes.



More specifically, the regression model showed that age was a significant predictor of test performance, indicating that older participants tended to perform better in the test than younger counterparts. In addition, the type of instruction received was also a significant predictor of test performance, suggesting that participants who received PowerPoint instruction tended to score higher on the test than counterparts who received HoloLens instruction (see Figure 9).



However, it is important to note that while the differences in test scores (between the two instruction methods) were statistically significant, the effect sizes were relatively small. These results provide some valuable insights into the factors that influence student performance in anatomy tests, but some study limitations should be acknowledged and considered, including the small size of the study sample, which consists exclusively of undergraduate students, limiting the potential for the results to be generalized to other populations. Second, the study does not account for individual differences in learning styles or prior experience with the instructional technology, which could also affect the outcomes.



Further research is needed to replicate and confirm these findings, and to explore additional factors that could influence the effectiveness of different instructional methods. For example, future studies could investigate the role of student engagement, motivation, and cognitive load in shaping learning outcomes in mixed reality environments.





4. Discussion


The purpose of this study was to explore the effectiveness of mixed reality (MR) technology (the Microsoft HoloLens 2), compared to traditional teaching methods that use PowerPoint presentations. The study also examined the moderating role of participant age in the effects of the instruction methods. This section summarizes the main findings and interprets them in relation to the existing literature; discusses practical implications; and provides recommendations for future research.



4.1. Summary of Findings


The study involved 115 students from Lucian Blaga University of Sibiu and College Logos Centar, who were randomly assigned to either the MR group or the PPT group. The participants completed a Raven’s standard progressive matrices test (that measured their IQ) and a second test (that measured learning outcomes from the teaching of the human muscular system).



The results showed that the PPT group performed slightly better than the MR group, indicating that PowerPoint instruction was more effective than HoloLens instruction for teaching the human muscular system. However, the effect sizes were small, suggesting that the differences were modest. The results also showed that both the instruction method and the age of the participants were significant predictors of the test scores, indicating that older participants who received PowerPoint instruction tended to perform better in the tests. Instruction method had a slightly stronger effect than age on test scores.




4.2. Interpretation of Findings


The finding that PowerPoint instruction was more effective than HoloLens instruction for teaching the human muscular system was contrary to our hypothesis, and to previous studies that suggested MR technology could enhance learning outcomes in various domains [28,29]. One possible explanation for this result is that the HoloLens device imposed a higher cognitive load on learners than the PowerPoint presentation, as they had to process more information and interact with more features in the MR environment. Cognitive load theory suggests that when the cognitive load exceeds the working memory capacity, learning performance and efficiency decrease [30,31]. The HoloLens device may therefore have distracted or overwhelmed learners, instead of facilitating their learning.



Another possible explanation for this result is that the learners had different preferences or styles for learning about the human muscular system, and the PowerPoint presentation matched their preferences or styles more closely than the HoloLens device. Learning styles theory asserts that learners have different ways of perceiving, processing, and retaining information, and that matching the instruction method to the learning style can improve learning outcomes [32,33]. Therefore, the PowerPoint presentation might have suited the learners’ styles more than the HoloLens device, which might have appeared novel or unfamiliar in comparison.



The finding that the instruction method and the age of the participants were significant predictors of the test scores was consistent with our hypothesis and with previous studies that indicated age could moderate the effects of instructional methods on learning outcomes [34,35]. One possible explanation for this finding is that age reflects the cognitive abilities or skills required for learning about the human muscular system, such as reasoning, problem-solving, and memory. Older participants may therefore have been able to process and retain information more effectively and efficiently, regardless of the instruction method that was applied; moreover, participants who received PowerPoint instruction may have benefited more from the clear and concise presentation of the information, which reduced cognitive load and enhanced learning outcomes.




4.3. Implications for Practice


The findings of this study have several implications for education practice, and especially for the teaching of anatomy or other complex and abstract topics. The findings suggest that PowerPoint instruction might be more effective than HoloLens instruction in the teaching the human muscular system, at least if we take the sample and the context of this study as our reference points. Educators who use (or plan to use) MR technology for teaching anatomy should be aware of the potential drawbacks and challenges of this instructional method, including high cognitive load, unfamiliarity, and the variability of learners. Educators should also consider the preferences and styles of learners, and provide them with alternative or complementary instruction methods, such as PowerPoint presentations, printed materials, or practical exercises.



The findings also suggest that age might moderate the effects of instruction methods on learning outcomes, indicating that learners of different ages might vary in terms of their response to different instruction methods. Educators should therefore tailor the instruction methods to the age, cognitive abilities and skills of students, and should also provide learners with appropriate feedback and support, while monitoring their learning progress and performance.




4.4. Recommendations for Future Research


The findings of this study provide some insights into the effectiveness of MR technology and PowerPoint presentations for teaching the human muscular system, and also into the moderating role of age in instruction method effects. However, there are some limitations and gaps that should be addressed by future research.



First, the sample size was relatively small and consisted only of undergraduate students from two educational institutions, which limits the generalizability and external validity of the findings. Future research should use larger and more diverse samples that incorporate different age groups, education levels, and cultural backgrounds, as this will increase the representativeness and robustness of the findings.



Second, the study did not account for individual differences in learning styles, preferences, and motivations, which may have influenced the learners’ engagement with different instruction methods, along with subsequent performance. Future research should measure and control for these factors, and examine how they interact with the instruction methods and the learning outcomes.



Third, the study used a single topic (the human muscular system) and a single type of assessment (multiple choice tests) to measure the learning outcomes, which may not capture the full range of knowledge and skills that learners acquired from the instruction methods. Future research should use multiple topics and types of assessments (such as open-ended questions, practical tasks, and/or case studies) to provide a more comprehensive and holistic evaluation of the learning outcomes.





5. Limitations


The limitations of this study, including the relatively small sample size and exclusive focus on undergraduate students, means that we must be cautious when seeking to generalize the results to broader populations or educational settings. Future research should establish larger and more diverse participant groups and consider individual learning styles, motivation, and cognitive capacities, as this will help to provide a more comprehensive understanding of the implications of instructional methods in mixed reality education.



We also acknowledge that multiple choice tests have some disadvantages, such as the possibility of guessing the correct answer, the tendency to focus on memorizing facts rather than deep understanding [43], and the difficulty of creating well-formulated questions and plausible distractors [44], and we therefore propose future studies could explore alternative methods of assessment that potentially involve more creativity and emphasise student problem-solving skills to a greater extent: both requirements could be met by self-assessment, peer feedback, end-of-course evaluations, surveys, discussion groups, exit interviews, concept maps, portfolios, oral presentations, projects and experiments. Using these methods could provide opportunities for students to demonstrate their knowledge and perform meaningful tasks, which are both clear learning objectives. This would also facilitate a more active and engaging learning, along with a more flexible and adaptable approach to assessment that acknowledges the individual needs and abilities of students.



Despite these limitations, this study contributes to an ongoing discourse that seeks to leverage immersive technologies in education. It also highlights the potential of MR technologies (such as HoloLens 2) to enhance learning experiences, especially for individuals with specific cognitive profiles. The further exploration and refinement of instructional methodologies in MR environments could potentially pave the way for more tailored, inclusive, and effective educational practices.




6. Conclusions


This study examined the comparative effectiveness of mixed reality technology by utilizing Microsoft HoloLens 2, and then directly compared it to traditional PowerPoint presentations in the teaching of human anatomy to students. The findings revealed differential impacts that varied with participant age, suggesting that the effectiveness of the instructional method might vary in accordance with the cognitive profile. MR technology demonstrated promise in enhancing learning outcomes for younger individuals, whole traditional PowerPoint presentations seemed to be marginally more effective for older students. Age therefore emerged as a factor that influenced learning performance, indicating a need for tailored instructional approaches across different age groups.



The study underscored the importance of considering diverse cognitive abilities and age-related differences when designing educational interventions that leverage immersive technologies. Future research should explore the multifaceted influences that act on learning outcomes by establishing larger and more varied participant groups, as this will help to advance the understanding of effective instructional methodologies in mixed reality education. In addition, future research should investigate optimal ways to integrate MR technology with other pedagogical strategies, such as feedback, scaffolding, and collaboration, as this will maximize its potential to enhance student engagement and motivation. In addition, researchers should also examine the long-term effects of MR technology on the retention and transfer of knowledge, and also give consideration to the possible ethical and social implications of using immersive technologies in educational settings.



This study contributes valuable insights to the evolving landscape of educational technology, and offers nuanced perspectives that take into account the potential benefits of immersive learning environments, along with associated considerations. By highlighting the complex interplay of cognitive and contextual factors that affect learning outcomes, this study brings out useful implications that will be of direct interest to educators, researchers, and policymakers currently seeking to leverage the power of MR technology, with the aim of transforming and enriching learning experiences.
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Figure 1. VOSviewer Network Visualisation for Web of Science (a) and Scopus (b). 
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Figure 2. Network Visualization of Augmented and Mixed Reality and PowerPoint in Education. 






Figure 2. Network Visualization of Augmented and Mixed Reality and PowerPoint in Education.



[image: Applsci 14 01050 g002]







[image: Applsci 14 01050 g003] 





Figure 3. Group 1 teaching material—holographic image of the human muscular system displayed using a HoloLens. 
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Figure 4. Overview of the research procedure. 
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Figure 5. Gender distribution of the participants in the two study groups (HoloLens and PowerPoint). 






Figure 5. Gender distribution of the participants in the two study groups (HoloLens and PowerPoint).



[image: Applsci 14 01050 g005]







[image: Applsci 14 01050 g006] 





Figure 6. IQ score distribution of the two research groups. 
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Figure 7. Correct answers at the anatomy test, grouped by instruction method. 
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Figure 8. Multiple correlation between the test results, instruction method and participant age. 
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Figure 9. Interaction plots for correct answers and age and instruction method. 
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Table 1. Descriptive statistics of the two research groups.
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	Instruction Method
	Variable
	Sex
	N
	Mean
	SE Mean
	StDev
	Minimum
	Q1
	Median
	Q3
	Maximum





	Hololens
	Correct answers
	Female
	16
	6.813
	0.672
	2.689
	3.000
	4.250
	6.000
	9.000
	12.000



	
	
	Male
	34
	9.147
	0.647
	3.775
	2.000
	6.750
	9.500
	12.000
	16.000



	
	Variable
	Sex
	N
	Mean
	SE Mean
	StDev
	Minimum
	Q1
	Median
	Q3
	Maximum



	PowerPoint
	Correct answers
	Female
	27
	8.370
	0.851
	4.422
	2.000
	5.000
	9.000
	12.000
	17.000



	
	
	Male
	38
	9.658
	0.683
	4.212
	2.000
	7.000
	10.000
	12.000
	20.000
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