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Abstract

:

This mixed-method study examined the impact of combining virtual reality (VR) and gamification (GAM) with the practice teaching style (PTS) on students’ motor skills and perceived effort in physical education. Participants (n = 75) were divided into three groups: PTS (control), PTS + GAM and PTS + GAM + VR. Each group had two one-hour sessions per week for six weeks. Participants’ motor skills and perceived effort were evaluated quantitatively and qualitatively using tests such as the SportComp Motor, flamingo and plate-tapping tests, as well as the handgrip strength test and the Pictorical Children’s Effort Rating Table. The results indicate that the PTS group reported a higher perceived effort compared to the other groups (p < 0.001). All study groups exhibited improvements in the handgrip strength (p < 0.001) and flamingo (p < 0.05) tests, while lateral jump test improvements were observed only in the two GAM groups (p < 0.001). The VR group showed an improvement in the plate-tapping tests (p < 0.001), while the PTS group exhibited a decline in the displacement with support test (p < 0.05). Participant perceptions suggest that the activity nature, motivation from competition and rewards influenced the perceived effort and motor skills. In conclusion, GAM techniques are effective in reducing perceived effort in physical education programs, and combining GAM with VR enhances improvements in motor skills.
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1. Introduction


The spectrum of teaching styles, created by Muska Mosston in 1966, is internationally considered the pedagogical basis in the field of physical education (PE) [1]. The spectrum provides PE teachers with 11 different teaching options, ranging from the most teacher-centred (command style) to the most student-centred (self-teaching style), addressing student diversity and achieving multiple PE objectives (psychomotor, cognitive and affective) of the curriculum [2]. In this regard, the practice teaching style (PTS), in which teachers demonstrate the task and learners practice the task, making decisions previously shifted to them (location, posture, starting time, etc.) [1], despite being traditional, is a commonly used option in PE within the spectrum. This is also because decision-making gradually shifts from the teacher to the student, thereby promoting students’ autonomy [3]. This progressive increase in learners’ decision making may contribute to education for sustainable development in terms of empowering students to take informed decisions and responsible actions, thus complying with Number 4 of the sustainable development goals. Thereby, the United Nations dedicate a specific section (4.7) to the requirement for learners to acquire knowledge and skills to promote sustainable development for environmental, economic and social integrity for present and future generations [4]. Hence, teaching styles that predominantly rely on the teacher are being replaced with more active methodologies and student-centred options that encourage students’ participation and involvement [5]. These methodologies increase motivation and facilitate the teaching–learning process [6]. Delving into these most recent methodologies, gamification (GAM), specifically, has emerged and gained relevance in recent years, consisting of the use of game elements in non-game contexts [7] and is widely used in the educational field [8]. In this environment, the most crucial game elements to include in education are rewards, scoring, narrative, objectives, levels and progression [9]. Although the use of gamification has been shown to increase students’ motivation [10,11] and physical fitness [12,13], its impact on learning improvements remains unclear [14]. This is likely due to the lack of unification of criteria to compare gamification didactic proposals [15], as well as the lack of research in the educational field, particularly in PE [16].



In contrast, virtual reality (VR) and interactive video gaming (exergames) are becoming relevant in various areas of science education and are being rapidly adopted for different purposes [17]. VR is the emulation of a real or a fictional setting generated by a computer system, providing users with an immersive experience and the ability to interact with objects within that simulated environment [18,19,20]. Immersion refers to the degree of inclusion in a virtual setting that an individual feels in comparison to the actual surroundings. Systems projecting images onto a concave surface or employing head-mounted displays are typically classified as immersive systems. In contrast, those utilizing single-screen projection are categorized as semi-immersive, and those relying on desktops, joysticks or pad displays are identified as non-immersive setups [21]. The engagement with the environment can be facilitated by a range of devices, including simple tools like a mouse or joystick, as well as more sophisticated systems incorporating cameras, sensors or haptic (touch) feedback devices [22]. As a result, the extent of the user’s physical activity can vary based on the interaction, spanning from relatively sedentary to more dynamic scenarios involving vigorous full-body movements [23].



The number of published studies on the use of these technologies for educational purposes is on the rise [24]. Educational institutions are now moving rapidly to adopt VR as an educational and training tool as it can be directly applied to the teaching–learning process, generating positive learning outcomes in a variety of domains [25]. In addition, and based on the aforementioned education for sustainable development, VR contributes to the digital teaching competence that contributes to build sustainable digital citizenship and it implies the construction of digital culture (e-society). The generation of movement, simulation and interaction in virtual learning environments is possible due to specific levels of immersion, and through the execution of diverse and progressively challenging functional activities involving high levels of repetition and intensity. The process offers real-time multisensory feedback during task-oriented training, facilitating motor learning. The powerful sense of presence and effective immersion created by VR applications provide on-site training in a safe and controlled environment, boosting curiosity among students that the traditional approach could not easily achieve. In addition, for most students, school might be the only place where they can access this technology [26]. Nonetheless, careful consideration of essential educational process elements is needed to design and develop VR learning experiences. This involves incorporating effective pedagogy, mindful planning of teaching time and learning activities, using suitable tools and resources, and fostering active student engagement [27]. Likewise, it is necessary to investigate how children perceive effort, motivation, satisfaction and adherence when undergoing VR activities during PE lessons in school environments [28,29], considering some discrepancies in the literature reporting the absence [30,31] or presence [32,33] of significant learning outcomes when comparing VR with other active learning experiences or with traditional learning, respectively. In addition, there is a lack of previous studies about using VR in PE in comparison to other methodologies. Therefore, this study aimed to analyse the effect of using VR and GAM in combination with the PTS on motor skills and students’ perceived effort. From this research, some questions were raised: Can the use of techniques such as VR and GAM improve motor skills (such as coordination, grip strength or balance) in an educational context? Can these techniques reduce the perceived effort of students during lessons compared to the PTS? We hypothesised that the use of VR and GAM would decrease students’ perceived effort during PE lessons and improve their motor skills.




2. Materials and Methods


2.1. Study Design


A mixed-method intervention study design with a qualitative component was applied [34,35]. Following a quantitative approach within a concurrent integrated design [34], in the first research step of the study, a non-randomised intervention based on different teaching methodologies was conducted. In educational research, since it is not always possible to randomly distribute students into different groups, a quasi-experimental design is widely used [36]. This study design aims to keep the educational environment as real as possible, with its characteristic heterogeneity, in order to warrant external validity and thus, to generalize results [37]. In the second step, a qualitative methodology [34] based on an interpretive framework was conducted [38], seeking to convey the most relevant information emerging from the phenomenon under study [39]. Qualitative data were collected after VR and GAM interventions to find mechanisms that potentially explain the quantitative results: participants’ experience, effort, motivation, satisfaction and adherence. Table 1 summarises the research methodology and illustrates the integrated mixed-methods design by embedding the qualitative method into the quantitative [40]. The integration phase aims to balance the respective strengths and weaknesses of the methods to optimise the performance of the various complementary sources of evidence [34]. This study followed the Best Practices for Mixed Methods Research from the APA Publications and Communications Board Task Force Report [41] and the guidelines for empirical methodological mixed methods research proposed by Fetters and Molina-Azorín [42].




2.2. Quantitative Phase Design: Teaching Methodologies Intervention


2.2.1. Participants


According to the aforementioned quasi-experimental design, no inclusion and exclusion criteria were applied to the groups since they were already predetermined by the educational institution. Accordingly, and given that the participants (n = 75) belonged to three different class groups previously, a different teaching methodology was allocated to each of them: the PTS was administered to the control group (n = 14), PTS + GAM was administered to Experimental Group 1 (n = 32) and the PTS + GAM + VR was administered to Experimental Group 2 (n = 29). Participants’ motor skills, based on the aforementioned teaching methodologies, were evaluated prior to and post-intervention, which consisted of two weekly sessions of PE lasting 50 min each for six weeks. Perceived effort was rated after the different activities performed during the sessions.




2.2.2. Data Collection and Outcome Measures


To evaluate motor skills, the SportComp motor test elaborated and validated by Ruiz-Pérez et al. [43] was used. It consists of 5 tests (7-m foot-together run, 7-m single-legged run, lateral jumps, 9-m two-way run and displacement on supports), which determine global motor coordination in individuals aged 12 and 17, with a reliability of ICC = 0.91 (95% IC: 0.88–0.94).



In addition, handgrip, flamingo and plate-tapping tests from Eurofit (1993) [44] were performed to measure, respectively, handgrip strength, balance and hand-eye coordination. Handgrip strength is recognised as an objective index for functional hand assessment, and it was measured with the Jamar® hydraulic hand dynamometer, which consists of a grip handle and a maximum force indicator with a dual scale in pounds (0–198 lb) and kilograms (0–90 kg). Its isometric design and hydraulic system ensure highly accurate and reproducible results. The maximum force indicator remains in place after each reading until it is reset. Each participant performed three attempts on each side, and the average value of the three measurements in kilograms was taken as the result, following the recommendations of Mathiowetz et al. [45]. On the other hand, to perform the flamingo test, participants stood on a long support that was 5 cm in height and 3 cm wide. The subject was told to balance on one leg of their choice, with the free leg flexed at the knee and the foot held close to the buttocks. The stopwatch was started, and participants were instructed to stand in the mentioned position for 1 min. The stopwatch was stopped each time the participants lost balance and started again until they lost balance. The total times they lost balance were registered [46]. Finally, in the plate-tapping test, participants attempted to touch, in a fast manner, two 20 cm plastic disks previously attached to the table, using their preferred hand in a defined order. The distance between the centre of the two disks was 80 cm, with a 10 × 20 cm rectangular plate placed in an equally far area from both disks. The best score was considered the final point [47].



To assess perceived effort, the Pictorical Children’s Effort Rating Table (PCERT) was used [48]. This scale has been translated and validated in the Spanish context of PE classes by [49]. It allows participants to rate any effort between 1 (very, very easy) and 10 (so hard I’m going to stop), with an average value of 5 (starting to get hard). Participants carried out familiarisation with the scale prior to the intervention.




2.2.3. Description of the Intervention


The three study groups followed the premises of the PTS [1]. Throughout sessions, the court was divided into 4 different stations, each lasting 10 min, with a different activity based on different underlying curricular contents (physical abilities, motor skills, …). Activities were previously explained by the teacher and performed by the students until the teacher gave the signal to change to a different station. During execution, the teacher moved through all the stations, providing verbal encouragement and feedback.



The GAM was designed and developed throughout the intervention with the underlying context of the Avatar 2 movie. Researchers provided students with an introductory video prior to the intervention, linking the different activities with this theme. In GAM groups, students were divided into four groups, each assigned a Na’vi badge corresponding to different Avatar characters (Lo’ak, Neitiry, Jake Sully, Colonel Miles Quaritch). An explanation of the score they could achieve in each of the activities was provided, and at the end of each session, each group could exchange the points for a game card that could be used in the following session. The VR group had a specific station equipped with glasses and a Kinect Sports Xbox.



The PTS + GAM + VR group received PTS + GAM as previously described, along with one station of VR technology training (20 min/session; 2 sessions per week; 6 total weeks; 240 total minutes/participant). This training consisted of video-game-based training with commercial video games using the Xbox One video game console and the Kinect (Microsoft Corporation) device, the Nintendo Switch (Nintendo Platform Technology Development) and a head-mounted display called Oculus Quest 2 (Reality Labs, a division of Meta Platforms). All VR training was performed in turn with GAM training. The intensity and perceived effort of each session were recorded for each participant.



The VR training commercial video games used were Just Dance 2022 for the Xbox One; Nintendo Switch Sports for Nintendo Switch and Ragnarock VR, Beat Saber and The Climb 2 for Oculus Quest 2. These games involved different virtual scenarios and movements, such as dancing, playing tennis, climbing or playing bongos. A specific protocol (Table S1), designed by three physical therapists with experience in the field of VR training, was conducted and supervised for this group to ensure compliance of the same curricular contents as non-VR activities. The weekly progression was directed at facilitating motor skills, including weight transfer work, limits of stability, upper and lower limb control, dynamic balance, coordination and reaction times. The training times of the participants were recorded, along with the rewards, scores and marks achieved in each game, to introduce elements of motivation and engagement.



Pre- and post-intervention data collection was performed by two researchers, under the supervision and support of the regular physical PE teacher of all of the study groups. The intervention sessions were always carried out by the PE teacher and another researcher different from the first two. In addition, as aforementioned, sessions with the study group using VR technology were supported by other three different researchers, physical therapists and experts in the VR field.




2.2.4. Data Analysis


Data are presented as the mean ± standard deviation (SD). Power sampling estimation was conducted using the G*Power 3.1.9.7 software (Heinrich Heine Universität Düsseldorf, Düsseldorf, Germany) [50]. The statistical analysis was conducted using Jamovi software for Windows, version 2.3.12 (The Jamovi Project, Sydney, NSW, Australia). A Kolmogorov–Smirnov test for normality was used. A repeated-measures ANOVA test (time and group as factors) was performed to analyse the influence of the teaching methodologies on the dependent variables. Where appropriate, the Bonferroni post-hoc test was applied to examine pairwise comparisons of each significant factor, and the effect size (ES) was calculated by ηp2, interpreted based on the following: small, moderate and large effect for values greater than 0.010, 0.059 and 0.138, respectively [51]. The alpha level was set at p < 0.05.





2.3. Qualitative Phase Design


2.3.1. Participants


Purposeful sampling was performed to recruit participants, selecting those with relevant information [52]. As an inclusion criterion, participants belonging to one of the three study groups that participated in the intervention was set, seeking a balanced representation of five students per group. The sampling process was based on the information power criteria established by Malterud et al. [53], which indicate that the more information the sample has relevant to the study, the fewer participants are required. Therefore, the participants recruited for the qualitative phase of the intervention were previously included in the quantitative phase.




2.3.2. Data Collection


To comply with the study’s objectives, motor skills and perceived effort were qualitatively explored through a two-step process: firstly, individual semi-structured interviews (Table S2) were conducted with 5 participants from each study group, and secondly, three 5-participant focus discussion groups (Table S3) were carried out with the three study groups to stimulate dialogue and discussion. Both interviews and discussion groups were recorded and subsequently transcribed to identify further descriptive content and emerging categories.




2.3.3. Data Analysis


An inductive thematic analysis [54,55] was performed to identify the most descriptive content, from which different categories subsequently emerged and groups of units with common meanings were formed [54,55]. No qualitative analysis software was used.





2.4. Ethics


Participants and their parents were informed about the study procedures and then accepted to participate in the study by signing an informed consent form. All procedures complied with the Declaration of Helsinki and were approved by the Universidad Rey Juan Carlos Ethics Committee Board (registration number 1201202302323). Additionally, this research also addressed the principles outlined in the American Psychological Association Code of Ethics [56].





3. Results


The results involved 84 students from a public high school, of whom 9 did not complete all the questionnaires or were not able to attend some sessions. A total of 75 students (53.3% women and 46.7% men; mean age: 13.58 ± 0.68 years old) completed the study.



The results are reported in the following order: (a) quantitative and intervention results, (b) qualitative results and (c) mixed-method findings (integration).



3.1. Quantitative Findings


Results are presented as the mean ± SD. Findings from the SportComp, handgrip, flamingo and plate-tapping tests are presented in Table 2, while perceived exertion from PCERT is presented in Figure 1. On average, students rated a higher perceived effort in the PTS than in the other two study groups (p < 0.001). Regarding motor skills, the three study groups experienced post-intervention improvements in handgrip (p < 0.001) and flamingo tests (p < 0.05), while only the two GAM groups showed improvements in lateral jump tests (p < 0.001), and only the VR group obtained a better result in the plate-tapping test (p < 0.001). Finally, only the PTS study group demonstrated a worsening in the displacement with support test (p < 0.05).




3.2. Qualitative Findings


Two main categories were identified: (a) perceived effort and (b) improvement in motor skills. The results are supported by narratives obtained from the participants, which allow for the traceability and credibility of the results [34,38].



3.2.1. Perceived Effort


Participants from the three groups recognised a diversity of effort demands depending on the day and the activity. A determining factor for perceived effort was participation in the activity. Thus, in activities where all the students participated simultaneously, the perceived effort was always greater. In activities where there was time without activity, such as the relay activity, for example, the perceived effort was lower because there was less time for motor practice and more time for rest.




‘When there were many breaks because you had to do the exercise one at a time, it gave you plenty of time to rest.’



(Participant 2, PTS group)






‘In the climbing exercise or in the boat circuits, for example, I hardly noticed the fatigue because, even though it was my turn, I did it at full throttle, and then I had many turns to recover.’



(Participant 4 PTS + GAM group)





In some activities, some participants pointed out the mental effort, especially in coordination activities such as juggling or keeping the spades in the air.




‘The activity that cost me the most effort was juggling because I had to be very concentrated the whole time to get more points.’



(Participant 4, PTS + GAM + VR group)






‘Juggling or spades were not physically tiring, but they were mentally tiring because if you got distracted, you would fall, and your team would not win as many points because the time kept running.’



(Participant 1, PTS group)





All participants recognised how the feeling of effort increased, knowing that the correct performance of the activity and winning the prize meant obtaining a greater number of points. All agreed that the feeling of effort would not have been as high if there was no prize or competition.




‘Knowing that you can earn points for your team makes you work harder, of c’



(Participant 3, PTS group)






‘It’s that what you do doesn’t just benefit or hurt you, but your whole team. That’s why you try to give your all.’



(Participant 2, PTS + GAM + VR group)





In relation to the specific VR activities, the participants indicated that they were not very physically demanding. The only one to which they attached some importance in terms of physical demand was the climbing game.




‘The only VR game that was a bit tiring was the climbing game; and not even that. The rest were very much about playing almost stationary, without moving much.’



(PTS + GAM + VR discussion group)






‘The VR games were very quiet, not tiring at all.’



(Participant 3, PTS + GAM + VR)






3.2.2. Improvement in Motor Skills


In this area, there was considerable heterogeneity. On the one hand, some participants did not perceive any improvement at a motor or perceptual level:




‘I don’t think anything has changed, just as with health care.’



(Participant 1, PTS + GAM + VR group)






‘I don’t know, I think I’ve done similar in the tests at the beginning and the end.’



(Participant 3 PTS group)






‘I don’t think there’s been any change…we haven’t done any training exercises or anything like that either.’



(Participant 2, PTS + GAM group)





The typology of the activities, in the form of a team game, did not give the participants the feeling that it was influencing their motor level. Some alluded to the time of the intervention as a factor for improvement:




‘In six weeks, there is not much time to improve things, I don’t know…’



(Participant 1, PTS group)





On the other hand, some participants expressed that they felt more competent, mainly in the area of hand-eye coordination and in the area of reaction speed.




‘I think that the boat exercises that we have done...the ones of doing a circuit and so on, have helped me improve my coordination.’



(Participant 2, PTS + GAM + VR group)






‘The game of turning around quickly to hit the ball with the rackets or the game of spades helps to be quicker and react faster.’



(Participant 4, PTS group)





In the specific case of the VR activities, no participant expressed that any of the activities within the realm of VR produced any improvement in their motor skills. Some participants emphasised the poor transferability of the virtual activity to real life:




‘For example, the climbing game has nothing to do with real climbing. In the game, you don’t have to use force with your legs or arms, and when you climb the climbing wall, you realise that it is very hard and your arms and legs hurt.’



(Participant 3, PTS + GAM + VR group)







3.3. Mixed Method Findings (Integration)


The results of the integration showed elements of confirmation, expansion and discordance [40] (Table 3).





4. Discussion


This research evaluated the influence of including VR and GAM combined with the PTS in PE lessons on high school students’ motor skills and perceived effort. Our results suggest that the combination of the PTS with GAM and VR seemed to have had a positive effect on some students’ motor skills post-intervention, as observed from the plate-tapping test’s results (p < 0.001). In fact, based on the qualitative results, some participants highlighted that they felt more competent in hand-eye coordination and reaction speed tasks. Moreover, intriguingly, improvements were not only reported by participants from the PTS + GAM + VR group but also by those from the PTS group. Post-intervention improvements in handgrip strength and balance were observed in all the study groups, suggesting that differences in motivation for PE and physical activity, particularly for VR games, may have influenced students’ perceptions in terms of motor skills. This coincides with previous evidence showing that motivation is tied to both actual and perceived levels of movement competence in adolescents [57], suggesting a field to explore to understand how motivation underlies the perceptions of physical endeavours. In addition, some participants from different study groups did not appreciate such improvements and indicated that VR was perceived as limited in terms of real-world transferability since it may not accurately replicate the physical demands of the real world, thus limiting its effectiveness in improving motor skills. This lack of skill transfer from VR to the real world [58] needs to be addressed in future research. Although some participants did not perceive improvements in their motor skills, the capacity of VR to elicit the acquisition of motor skills may, therefore, seem doubtful in an educational context. However, it has been observed that the use of VR may be relevant for improving motor abilities such as spatial orientation, muscular strength, or cardiorespiratory endurance [59,60]. Furthermore, it has been observed that VR involves both specific motor skills and cognitive abilities, as well as the ability to optimise the desired movement’s trajectory [61], suggesting its interest in the development and improvement of motor skills. It is possible that participants in the current study did not perceive this type of improvement because of the short intervention time or because the outcome measures used were not sufficiently sensitive. Therefore, studies with longer protocols or more specific means may be needed.



Nonetheless, despite students’ aforementioned impairments in observing motor function improvements through VR use, this technology may serve as an optimal complement to other teaching techniques and methodologies like GAM and the PTS, thereby enhancing its effectiveness in improving physical function compared to methodologies predominantly based on more teacher-centred options. This is evidenced by the improvements in the lateral jump test in both GAM study groups in comparison to the PTS study group (p < 0.001). Additionally, the PTS study group, together with the latter, showed a post-intervention worsening in support displacement test performance (p < 0.05), possibly explained by a speculative lack of motivation in this group compared to the GAM groups and not by a motor skill worsening per se. Although the influence of GAM on motivation towards PE is beyond the scope of the present study, motivation might also be considered as a potential determinant of participants’ perceived effort in the present study, which, interestingly, was rated lower by both GAM study groups in comparison to the PTS group (p < 0.001). According to qualitative results, some participants did not perceive VR activities as demanding at all, suggesting a distracting effect of VR in the PTS + GAM + VR group. Moreover, the significantly lower perceived effort in both GAM groups (in combination with VR or not) coincided with the fact that participants relativised their perception of effort to the type of activity and participation format. Hence, activities in which all students participated simultaneously generated a higher perception of effort, while relay-style activities provided more rest time and, as a result, a lower perception of effort. Another aspect mentioned by participants was that activities requiring more mental effort, such as juggling or keeping objects in the air, generated mental fatigue but not physical fatigue. The perception of mental fatigue may be related to a decrease in physical performance [62,63], so it would be important to alternate between exercises that focus on attentional processes and those that require physical effort with less cognitive demand [64,65]. Participants also highlighted that competition between groups and the opportunity to win serve as motivating factors that correlate with performance levels and the perception of effort. Competition and prizes are inherent components of GAM, which has been widely shown to increase motivation and enhance students’ engagement in the learning process [66]. Again, despite being beyond the scope of the present research, motivation arises as a key aspect in generating effort, especially in high school students, as intrinsic motivation, such as fun activities and challenges, can lead to greater adherence than extrinsic motivations [67]. Therefore, it is a key element to consider in teaching, particularly in fields related to performance, such as PE [68]. Additionally, in terms of VR use, a correlation analysis revealed that understanding VR was an important feature for increasing intrinsic motivation. It was observed that young adults have a higher level of understanding of VR when experiencing its use more frequently. In addition, another source of increased motivation during the use of VR is the enjoyment during its use [61], derived from stimulating and visually attractive actions and challenges at multiple levels. These qualities can explain why many young people are more motivated to exercise using it instead of traditional exercise [69]. Its use with GAM seems to be linked to a higher frequency of participation of adolescents in physical exercise, although VR interventions with GAM appear to have greater adherence throughout a physical activity protocol [70].



The incorporation of VR in the educational environment can play a key role in realizing the fourth objective of the sustainable development goals, adjusting to accommodate diverse needs and pedagogical methods, addressing the unique abilities and preferences of each student, offering more engaging and visual educational experiences [4]. Additionally, the application of VR, along with gamification strategies, can contribute to sustainable development in this context, involving teaching methodologies that guarantee the persistence, excellence, and positive influence of education over time, without jeopardizing the requirements of future generations [71].



VR and gamification can enhance the quality of education and the active participation of students, fostering a more profound comprehension, serving as a solution to innovate an appealing educational model for upcoming generations of students [71,72]. Lastly, the implementation of sustainable practices in technology usage, such as the creation of energy-saving applications and contemplation of their ecological impact, can promote a conscientious use of technology, in harmony with the tenets of sustainable development [72].



Strengths and Limitations of the Study


This research presents several strengths that are worth being mentioned. Firstly, the results of this paper could be easily applied and implemented in an educational context in children with similar conditions as we presented in this research. Secondly, validated tools were used to assess the outcome measures. Thirdly, a mixed-method intervention study was conducted to also incorporate the subjective opinion of the sample through a qualitative analysis. Finally, the ethical principles of the Helsinki declaration and the American Psychological Association Code of Ethics (i.e., Beneficence and Nonmaleficence, Informed Consent, Design of Education and Training Programs, Descriptions of Education and Training Programs or anonymous data processing) were followed, strengthening the design of this work.



On the other hand, the first limitation to state is the low volume of VR integrated into PE classes, which was only possible for 20 min per session, and a total of 240 min during the entire protocol. This might have reduced the effect of VR on the results obtained. In addition, the different participants’ number in study groups and heterogeneity of participants within groups in terms of height, body composition or fitness level may also have affected the results, although as a counterpoint these drawbacks provide a lifelike reflection of the educational environment. Finally, since motivation seems to play a key role in students’ perceptions of effort and motor skills, its evaluation would have added interesting information for a better interpretation of the results, and its evaluation may clarify the results of the present research.





5. Conclusions


The GAM technique seems to be useful in reducing perceived effort in PE programs for adolescents in comparison to the PTS. However, students suggest that this perception depends on various aspects of session and task design, such as breaks or cognitive implications. GAM, when combined with VR, enhances improvements in motor skills related to hand-eye coordination.
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Figure 1. Participants’ perceived effort during intervention sessions. S1: sessions’ first week; S2: sessions’ second week; S3: sessions’ third week; S4: sessions’ fourth week; S5: sessions’ fifth week; S6: sessions’ sixth week; PTS: practice teaching style; GAM: gamification; VR: virtual reality; * Different from traditional (p < 0.05); ** Different from traditional (p < 0.001). 
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Table 1. Mixed-methods intervention study summary.






Table 1. Mixed-methods intervention study summary.





	Study
	Component
	Sampling
	Participants
	Data Collection
	Analysis





	Main study
	Quantitative

Quasi-experimental intervention using different teaching methodologies.
	Non-probabilistic.
	N = 75 high school students

PTS (control group) N = 14

PTS + G (experimental group 1) N = 32

PTS + G + VR (experimental group 2) N = 29
	Pre-post intervention

SportComp Motor Test (to evaluate motor skills).

Handgrip and flamingo tests from Eurofit (to measure handgrip strength and balance).

Pictorical Children’s Effort Rating (to assess perceived effort).
	Statistical analysis using the Jamovi software (version 2.3.12).

A repeated-measure ANOVA test (time × group).

Kolmogorov–Smirnov test for normality.

Bonferroni post-hoc test.

Effect size (ηp2).



	Embedded study
	Qualitative
	Purposeful and information power criteria.
	N= 15 students from the main study

PTS (control group) N = 5

PTS + G (experimental group 1) N = 5

PTS + G + VR (experimental group 2) N = 5
	Throughout the intervention.

In-depth interviews and focus groups based on a question guide.
	Thematic inductive analysis was performed.







VR: virtual reality; PTS: practice teaching style; G: gamification.













 





Table 2. Participants’ results from SportComp, handgrip, flamingo and plate-tapping tests.
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Pre-Intervention

	
Post-Intervention

	

	
Time

	
Group

	
Time × Group






	
7 m

feet-together run test

	
VR + G

	
3.46

	
±

	
0.51

	
3.42

	
±

	
0.51

	
F =

	
3.52

	
2.61

	
1.50




	
G

	
3.54

	
±

	
0.65

	
3.63

	
±

	
0.66

	
p =

	
0.065

	
0.082

	
0.230




	
T

	
3.61

	
±

	
0.76

	
4.02

	
±

	
0.94

	
ηp2 =

	
0.052

	
0.075

	
0.045




	
7 m

single-legged run test

	
VR + G

	
3.07

	
±

	
0.53

	
3.05

	
±

	
0.52

	
F =

	
0.98

	
0.08

	
1.21




	
G

	
2.96

	
±

	
0.55

	
3.13

	
±

	
0.56

	
p =

	
0.326

	
0.924

	
0.304




	
T

	
3.00

	
±

	
0.77

	
3.03

	
±

	
0.70

	
ηp2 =

	
0.015

	
0.002

	
0.037




	
9 m two-way run test

	
VR + G

	
12.1

	
±

	
1.25

	
12.0

	
±

	
1.11

	
F =

	
1.86

	
0.19

	
1.60




	
G

	
12.0

	
±

	
1.38

	
12.5

	
±

	
1.37

	
p =

	
0.177

	
0.828

	
0.192




	
T

	
12.1

	
±

	
1.43

	
12.2

	
±

	
1.09

	
ηp2 =

	
0.028

	
0.005

	
0.050




	
Displacement with support test

	
VR + G

	
17.6

	
±

	
3.36

	
16.6

	
±

	
2.87

	
F =

	
2.18

	
0.75

	
5.26




	
G

	
18.4

	
±

	
4.62

	
18.7

	
±

	
4.63

	
p =

	
0.145

	
0.479

	
0.008




	
T

	
16.6

	
±

	
3.92

	
19.3

	
±

	
4.70 *

	
ηp2 =

	
0.033

	
0.023

	
0.143




	
Lateral

jumps test

	
VR + G

	
31.9

	
±

	
6.45

	
37.3

	
±

	
5.08 **

	
F =

	
46.23

	
0.18

	
0.47




	
G

	
31.8

	
±

	
6.49

	
35.7

	
±

	
6.94 **

	
p =

	
0.001

	
0.832

	
0.630




	
T

	
33.3

	
±

	
8.18

	
36.5

	
±

	
5.94

	
ηp2 =

	
0.423

	
0.006

	
0.015




	
Right-hand handgrip test

	
VR + G

	
7.29

	
±

	
4.97

	
27.6

	
±

	
6.52 **

	
F =

	
1939.66

	
1.52

	
7.34




	
G

	
7.80

	
±

	
5.72

	
32.3

	
±

	
7.61 **

	
p =

	
0.001

	
0.225

	
0.001




	
T

	
8.50

	
±

	
8.40

	
31.8

	
±

	
9.12 **

	
ηp2 =

	
0.967

	
0.044

	
0.180




	
Left-hand handgrip test

	
VR + G

	
5.06

	
±

	
0.62

	
25.1

	
±

	
6.39 **

	
F =

	
2005.04

	
2.07

	
6.17




	
G

	
6.37

	
±

	
0.56

	
30.0

	
±

	
8.16 **

	
p =

	
0.001

	
0.134

	
0.003




	
T

	
6.57

	
±

	
0.70

	
30.0

	
±

	
8.87 **

	
ηp2 =

	
0.968

	
0.058

	
0.156




	
Plate-tapping test

	
VR + G

	
10.9

	
±

	
1.67

	
9.93

	
±

	
1.67 **

	
F =

	
10.54

	
1.60

	
6.28




	
G

	
10.2

	
±

	
2.13

	
10.3

	
±

	
2.13

	
p =

	
0.002

	
0.210

	
0.003




	
T

	
11.0

	
±

	
1.45

	
10.3

	
±

	
1.45

	
ηp2 =

	
0.134

	
0.061

	
0.156




	
Flamingo test

	
VR + G

	
7.34

	
±

	
5.01

	
3.69

	
±

	
3.27 **

	
F =

	
51.96

	
1.64

	
0.159




	
G

	
9.90

	
±

	
4.96

	
5.76

	
±

	
5.08 **

	
p =

	
0.001

	
0.201

	
0.854




	
T

	
7.57

	
±

	
5.39

	
4.38

	
±

	
4.01*

	
ηp2 =

	
0.448

	
0.049

	
0.005








VR: virtual reality; G: gamification; T: traditional. * Different from pre (p < 0.05); ** Different from pre (p < 0.001).













 





Table 3. Combined display of the quantitative and qualitative findings.
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	Outcome Measures
	Quantitative Findings
	Qualitative Findings





	PCERT (Pictorical Children’s Effort Rating Table): Effort rates between 1 (very, very easy) and 10 (so hard I’m going to stop) with an average value of 5 (starting to get hard).
	Students rated a higher perceived effort in the PTS than in the other two study groups (p < 0.001).
	Effort was experienced when performing activities that required continuity without pause times. On the other hand, activities that required greater mental effort were of the juggling type or those requiring motor control, coordination and handling of objects in the air.

The feeling of effort increased whenever the activity was rewarded, and the team score depended on its success.

Finally, the VR activities did not require much effort from the participants.



	SportComp motor test: Determines global motor coordination in people between 12 and 17 years through 5 tests (7-m foot-together run, 7-m single-legged run, lateral jumps, 9-m two-way run and displacement on supports).

Handgrip, flamingo and plate-tapping tests from the Eurofit battery tests: Measures handgrip strength and balance
	The three study groups experienced post-intervention improvements in handgrip (p < 0.001) and flamingo tests (p < 0.05).

Only the two GAM groups showed improvements in lateral jump tests (p < 0.001).

Only the VR + GAM + PTS group obtained a better result in the plate-tapping test (p < 0.001).

Only the PTS study group obtained a worsening in the displacement with support test (p < 0.05).
	The team activities did not demonstrate motor improvement in the participants, who justified these results in the lack of time to continue developing these activities.

Finally, the specific VR activities did not require physical effort and were considered of little use for improving physical performance in non-virtual environments.

However, the areas that could be i