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Applying virtual reality to sail 
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Background: Sailing has been proved beneficial for physical and mental health 
promotion, which has made it a prevalent sport among children and adolescents. 
Nevertheless, the existing pedagogical strategies cannot satisfy students’ 
demands for learning. To bridge this gap, virtual reality (VR) is considered an 
innovative approach to addressing the challenges in sailing education.

Objective: The study aimed at designing an education program to examine 
effectiveness of VR technology in sail knowledge learning.

Methods: University students with no prior experience or knowledge in 
sailing were recruited and randomly allocated to either experimental group 
(N = 32) using VR in lectures and self-practice or control group (N = 34) 
attending traditional lectures. The sail education program consisted of 12 
sessions over 6 weeks. Sailing knowledge test was developed from an official 
manual by American Sailing Association to assess outcomes of learning in 
overall performance, sailboat structure, sailing skills, and navigation rules. The 
Situational Motivation Scale (SIMS) was used to assess the constructs of intrinsic 
motivation, identified regulation, external regulation, and amotivation. A 2 × 2 
MANOVA was conducted for statistical analysis.

Results: Both groups improved accuracy rate after the program, with significant 
time effects in all outcome measures. Particular advantages of VR were identified 
in facilitating knowledge learning on sailing skills and navigation rules. Significant 
interaction effects suggest that application of VR induced greater improvement 
than traditional lectures. Comparable performance between the two groups 
was found in sailboat structure, with non-significant results in group effect 
and interaction effect. What’s more, VR could better improve students’ intrinsic 
motivation and identified regulation while better reduce external motivation and 
amotivation in sailing lessons.

Conclusion: The findings verified feasibility of applying VR to promote sail 
education for student novices. To enhance effects of VR in teaching and learning, 
course design should focus on reflective connections between knowledge and 
experience, which stimulate students in active, engaging, and insightful learning.
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1 Introduction

Long ago, sails carried humans across the oceans in quest of 
discovery, wealth, and power. As time goes by, it has been discovered 
that sailing carries great value in personal development and education. 
A multinational qualitative study showed that sail training is a 
powerful educative experience having a special benefit in developing 
social confidence for young people (McCulloch et  al., 2010). To 
further explore the impact of sailing on children, researchers 
conducted a qualitative study of a small sailing program with 38 
children (9–13 years old). Semi-structured interviews and focus 
groups on children, teachers, and sailing instructors identified the 
main benefits of dinghy sailing in physical and mental health, 
development of key life skills, self-esteem, and academic performance 
(Cotterill and Brown, 2018). As well, a quasi-experimental study 
involving 147 adolescents found that even a short sail training activity 
can significantly improve participants’ Social and Competence self-
concept (Capurso and Borsci, 2013). A comprehensive meta-analysis 
indicated that sailing, as one of the adventure sports, has a positive 
impact on leadership, self-concept/self-esteem, locus of control, 
interpersonal attitudes, physical fitness, and environmental awareness 
(Hattie et al., 1997). While the sport has many benefits, factors such 
as high cost, complicated skills, and geographical restraints make it a 
niche sport whose participants are mainly professional athletes. To 
provide more people with the opportunity to access and learn the 
sport, experts have suggested promoting sailing into schools as a 
formal education, thereby breaking down geographical and economic 
constraints (Schmitt et al., 2020). This approach can ensure planned, 
systematic, comprehensive, and large-scale lessons, effectively 
selecting and developing sailing talents. According to the 5-year plan 
(2021–2025) released by the Chinese government, it is expected that 
by 2025, in Qingdao, the number of sailing-featured schools will 
be increased to 132 and the number of students learning basic sailing 
knowledge will reach 22,000 (Qingdao, 2021).

However, designing and implementing sailing lessons under 
physical education (PE) settings remains challenging for practical 
reasons. Unlike athletes with rich knowledge and skillful performance 
over longitudinal training, students in PE classes have no or limited 
previous sailing experience. Improving the skill proficiency of the 
novices by sailing on the sea may raise concerns about time efficiency, 
cost, and safety. For the programs that begin with theory learning, the 
abstract knowledge can be difficult for novices to understand without 
hands-on practice. To better satisfy students’ demands for more active, 
engaging, and insightful learning, there are researchers innovating 
pedagogical strategies. An experimental study involving 80 students 
found that the flipped classroom teaching model can greatly enhance 
participants’ satisfaction level and academic knowledge of sailing 
(Caraballo Vidal et al., 2024) while it created a huge workload for 
teachers and students to find textual information, thus reducing the 
effectiveness of instruction. Another quantitative study showed that 
teaching races for understanding (TRFU) can be used in sailing to 
improve students’ capacity to reflect and connect theoretical 
knowledge with their motor performance in the race (Morales-
Belando and Arias-Estero, 2017). Yet, this program was limited by 
space and weather and not suitable for large-scale teaching. Therefore, 
helping more students visualize task-related situations and 
corresponding operations in safe, interactive, and controlled 
environments is an effective way to solve the existing problems.

Virtual reality (VR) is considered an innovative approach to 
addressing the challenges in sailing education (Ji et al., 2023). This 
technology provides a powerful tool for implementing situated learning 
perspective and cognitive theory of multimedia learning. It can present 
theoretical knowledge in the form of 3D practical scenarios (Plotzky 
et al., 2021) or simulated lifelike learning situations allowing users to 
immersively interact with virtual objects, thus reducing cognitive load 
and stimulating imagination to assist the mind’s capacity to 
conceptualize. In addition, VR is the perfect complement to other 
practical classes and enables faster skill acquisition and better retention. 
On the one hand, characteristics such as immersive experience, first-
person perspective, and self-paced task constraints make VR technology 
feasible for accelerating the transition from procedural knowledge to 
practical skills, which has led to its wide application in many sports. For 
example, in training baseball batting, VR can simulate real batting 
situations and provide adaptive baseball training involved performance-
based adjustments of pitch speed, pitch type, and location, to improve 
athletes’ perceptual-motor skills (Gray, 2017). Similarly, in basketball 
offensive tactics (Tsai et al., 2022) and table tennis (Oagaz et al., 2022) 
technical training, VR can also provide realistic training environments 
to help athletes improve their tactical understanding and reaction 
speed, thus showing greater adaptability and competitiveness in the face 
of complex real-world tasks. On the other hand, in a safe virtual 
environment, students can repeat the actions that are not easy to 
perform in practical situation as many times as they like, thus building 
muscle memory and leading to longer retention. Furthermore, VR 
technology has been shown to be  effective in increasing student 
motivation (Garris et al., 2002), interaction, and active engagement 
(Roussou, 2004) in other educational settings and subjects.

The unique features of sailing compared to other sports, such as 
intricate sailboat structures, complex navigation rules, and dynamic 
environmental factors, make it an ideal candidate for VR-based 
instruction. The immersive and interactive characters of VR can 
potentially enhance students’ understanding and retention of sailing 
concepts, skills, and strategies. Although some researchers have 
recognized the potential of VR-based sailing education in teaching 
practice (Wu et  al., 2020), the scientific community still lacks an 
in-depth understanding of how VR technology can specifically 
promote the effectiveness of sailing knowledge learning in a physical 
education (PE) setting. Currently, relevant studies still remain in the 
theoretical exploration stage, lacking rigorous experimental design 
and systematic effect evaluation to accurately judge the practical 
application value of VR technology in sailing education. To fill this 
research gap, the current study develops a VR-based sailing education 
program and designs a randomized controlled trial to evaluate its 
effectiveness compared to traditional sailing lectures. Academic 
performance (which encompasses overall sailing knowledge, sailboat 
structure understanding, sailing skills, and navigation rule knowledge) 
and motivation (including intrinsic motivation, identified regulation, 
external motivation, and amotivation) were used as indicators of 
learning outcomes in this study, because the former reflects students’ 
mastery of sailing knowledge and skills, while the latter underlies 
behavior and can influence persistence, effort, and overall success in 
learning (Ryan and Deci, 2020). Our primary focus was on testing the 
following core hypotheses:

H1: Compared with the traditional approach, VR technology can 
be more effective in improving student novices’ overall sailing 
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knowledge, sailboat structure, sailing skill, and navigation 
rule knowledge.

H2: Compared with the traditional approach, VR technology can 
be  more effective in improving student novices’ 
autonomous motivation.

By testing these hypotheses, the study aims to contribute 
valuable insights into the effectiveness of VR-based sailing education 
and its potential to improve learning outcomes in PE settings. The 
results of the study can inform educators and researchers about the 
potential benefits of integrating VR technology into sailing 
education, and contribute to the development of more effective and 
engaging teaching methods in the field, thereby promoting the 
popularity of sailing and enabling more individuals to reap 
its benefits.

2 Materials and methods

2.1 Participants

A total of 68 undergraduate students from Qingdao University 
in China were recruited as participants (age = 18.42 ± 1.084; 
female = 36, male = 32). The sample size was determined by a prior 
power analysis at α level of 0.05, power (1—β) of 0.80 (Faul et al., 
2009), and 10% of drop rate (Zhang et  al., 2023). Eligible 
participants should meet the following criteria: (1) good health and 
free of vertigo, (2) normal or corrected to normal vision, (3) no 
sailing knowledge and experience, and (4) no schedule conflicts 
with the class. Recruitment information was predominantly 
disseminated by flyers and social media. Additional approach 
included emails and presentations at classes. This study was 
approved Ethics Committee of Qingdao University, and the 
collected data were processed anonymously. Written informed 
consent was obtained from all participants.

The participants were randomly allocated to experimental group 
(EG, N = 34) and control group (CG, N = 34) by a computer-based 
random number generator. Before the intervention, however, two 
participants in EG missed the pre-test and the first lesson because of 
flu, resulting in 32 participants in EG. Independent sample t-test was 
conducted to identify potential between-group differences at the 
baseline. The results indicated that all p-values were greater than 0.05, 

suggesting no significant difference in prior knowledge between both 
groups (Table 1).

2.2 Study materials and apparatus

The sailing courses were designed in accordance with the book, 
Sailing Made Easy, which is American Sailing Association’s official 
manual of basic sailing standards (American Sailing Association, 
2010). Content of chapters 1, 3, 5, 6, and 7 was taught in six sessions 
for both groups. Specifically, critical points covered in the sessions 
included the points of sail, structure of a sailboat, momentum control, 
turning the boat, docking, and safe sailing, etc. A prominent advantage 
of the book was the review questions presented at the end of each 
chapter, which provided essential references to develop sail 
knowledge test.

The VR headset applied to the intervention was Meta Quest 2 
head mounted display (HMD). This device has raised researchers’ 
interest because of its portability and convenience to use. It is a 
wireless standalone device which is independent of a computer and 
external tracking system (Trinidad-Fernández et al., 2023). The VR 
courses were conducted by means of a virtual sailing game, 
MarineVerse Cup (Virtual Reality Sailing Pty Ltd., Melbourne, 
Australia). Utilizing VR headsets, this fully immersive app can provide 
extensive 3D sailing tutorials on different sailboat models, navigation 
rules, and sailing skills which provide a good match with the textbook 
content. Table 2 summarizes the tutorial modules of the VR game in 
correspondence to the book chapters.

2.3 Outcome measures

2.3.1 Sailing knowledge test
To assess the prior knowledge before the intervention (i.e., 

pre-test), and achievement following the intervention (i.e., post-test), 
an online sailing knowledge test was developed with the following 
procedures. Firstly, three experts were invited to adapt 40 multiple-
choice questions from textbook to construct the initial test. Secondly, 
14 respondents who had attended the traditional lectures were invited 
to participate in the pilot test. Based on classic test theory (CTT), 
we analyzed that the test has satisfactory validity and reliability. The 
discrimination indices of all 40 items ranged from 0.33 to 0.86, which 
means there was no need for further revision because greater than 

TABLE 1 Differences between groups at the baseline.

Category EG (M ± SD) CG (M ± SD) p-value

Sailing knowledge (%) 45.72 ± 7.19 42.03 ± 9.02 0.07

Sailboat structure (%) 31.25 ± 10.70 28.24 ± 11.41 0.27

Sailing skills (%) 46.06 ± 9.57 44.85 ± 11.42 0.64

Navigation rules (%) 62.69 ± 14.89 62.50 ± 18.46 0.96

Intrinsic motivation 16.44 ± 5.91 14.76 ± 5.67 0.25

Identified regulation 16.34 ± 4.96 14.76 ± 6.14 0.26

External regulation 17.72 ± 6.42 20.18 ± 3.95 0.18

Amotivation 16.56 ± 7.47 19.38 ± 4.29 0.07

EG, experimental group; CG, control group; M, mean; SD, standard deviation.
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0.30 was considered acceptable (Lien, 1971). The difficulty indices 
with a mean value of 0.59 clustering around 0.50, support this test has 
good discrimination power (Brookhart and Nitko, 2011). The 
reliability coefficient of Cronbach’s alpha was 0.732 which was within 
the acceptable level of reliability (range 0.70–0.80) (Nunnally and 
Bernstein, 1994). Eventually, all 40 questions were included in the final 
paper. Accuracy rate was the measure of performance, and a higher 
rate implies a favorable learning outcome.

2.3.2 Situational motivation scale
In order to understand students’ current (or state) self-regulatory 

processes in different sailing classes, the English version of 
Situational Motivation Scale (SIMS) (Guay et al., 2000), which has 
good reliability and factorial validity in a PE context among 
adolescents (Østerlie et al., 2019), was used in this current study. 
Based on the self-determination theory (SDT) (Deci and Ryan, 
2000), the SIMS assesses a more diverse range of types of motivation, 
namely intrinsic motivation, identified regulation, external 
regulation, and amotivation, which significantly overcomes the 
limitations of traditional measures, such as the free-choice measure 
and self-report questionnaires (Guay et  al., 2000). This scale 
comprises a total of 16 items, systematically organized into four 
subscales, each containing four items. Notably, the Cronbach’s alpha 
values for these four subscales ranged from 0.77 to 0.95, indicating 
robust internal consistency and reliability. Respondents were asked 
to indicate their level of agreement on this 7-point Likert scale, 
ranging from 1 (strongly disagree) to 7 (strongly agree). Their 
chosen number was then converted into a corresponding score, with 
all items scored positively.

2.4 Study design and procedures

The current study adopted a randomized controlled design for 
12 h of sail knowledge learning. EG completed 6 h of VR lectures and 
6 h of self-directed practice. In the VR sessions, an instructor gave a 
lecture while a teaching assistant collaborated by wearing the VR 
headset to present the first-person view of sailing (Figure 1).

Self-directed practice was arranged as a review session after each 
lecture. Students made an appointment with a research assistant 
according to availability of the device. By taking advantage of after-
school hours, the students practiced the content of previous lecture in 
a VR-simulated environment. Each review session was conducted 
under supervision of a teaching assistant who was responsible to 
provide instructions and technical support during practice.

Control group provided novices with only lecture-based classes 
for 12 sessions over 6 weeks. In the lectures for CG, the same content 
was covered as EG. The instructor used slides, pictures, and videos to 
assist in understanding.

All participants completed the sailing knowledge test and SIMS 
online within 45 min in pre- and post-test. To ensure integrity in the 
tests, behaviors such as page refreshes, copy and paste, and 
communication with others were not allowed during the test. After 
each test, the system automatically collected the questionnaires while 
ensuring data security and privacy protection. Figure 2 illustrates 
procedures of the research project.

2.5 Data analysis

A 2 × 2 repeated measures multivariate analysis of variance 
(MANOVA) was conducted to analyze the main effect of time, 
intervention, and the interaction effect on sailing knowledge and 
situational motivation. Independent variables include both between-
group factor (Group: EG vs. CG) and within-group factor (Time: 
pre-test vs. post-test). Dependent variables in sailing knowledge are 
overall performance in sail knowledge test and individual categories 
of knowledge on sailboat structure, sailing skills, and navigation rules 
while in motivation are intrinsic motivation, identified regulation, 
external motivation, and amotivation.

Data points beyond three standard deviations from the mean were 
defined as outliers. Normality assumption was examined by the 
Shapiro–Wilk test. Levene’s test of equality of error variances was 
performed to verify homogeneity of variance assumption. Statistical 
significance was defined by the cutoff point of 0.05. Partial eta squared 
(η2) measured effect size, with 0.01, 0.06, and 0.14 defining small, 
moderate, and large effects (Cohen, 1988). All statistical analyses were 
conducted by SPSS 25.

3 Results

3.1 Effect of teaching methods on sailing 
knowledge

Significant improvement in overall sailing knowledge was found 
for both groups after the 6-week sail education program, which was 
evidenced by the main effect of time, F(1, 64) = 1162.52, η2 = 0.95, 
p < 0.001. It is worth noting the significant group effect, F(1, 
64) = 27.43, η2 = 0.30, p < 0.001. Despite similar performance in the 
pre-test (EG: 45.72%, CG: 42.03%, p = 0.07), students taking VR-based 
lectures outperformed their counterparts receiving traditional lectures 
in the post-test (EG: 93.91%; CG: 84.19%, p < 0.001). The interaction 
effect also reached the significant level, F(1, 64)  = 5.17, η2 = 0.08, 
p = 0.03, indicating that VR-based lectures induced greater 
improvement than traditional lectures.

TABLE 2 Tutorial modules of the VR game in correspondence to the book 
chapters.

Tutorial modules Book chapters

Sailboat structure Chapter 1

  Parts of sailboat

  Sailboat’s Rig

  On-board orientation

Sailing skills Chapters 3, 5, and 7

  Tacking

  Jibing

  Using spring lines

  Docking

Navigation rules Chapter 6

  Buoys and marks

  Stand-on and give-way rules
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The subsequent analyses focused on each category of the sailing 
knowledge. Specifically, knowledge regarding sailboat structure 
improved by the end of the program, which was substantiated by the 
significant main effect of time, F(1, 64) = 1027.70, η2 = 0.94, p < 0.001. 
Both EG (pre-test: 31.25%, post-test: 93.13%, p < 0.001) and CG (pre-
test: 28.24%, post-test: 91.18%, p < 0.001) indicated significant 
improvement in the post-test. The main effect of group was 
non-significant, F(1, 64) = 1.69, η2 = 0.03, p = 0.20, indicating similar 
performance between the two groups. Additionally, interaction effect 
was non-significant, F(1, 64) = 0.08, η2 = 0.001, p = 0.79, suggesting 
comparable performance change over time.

Knowledge on sailing skills was learned after the program due to 
the significant main effect of time, F(1, 64)  = 677.08, η2 = 0.91, 
p < 0.001. Both EG (pre-test: 46.06%, post-test: 94.03%, p < 0.001) and 
CG (pre-test: 44.85%, post-test: 81.55%, p < 0.001) showed a higher 
accuracy in the post-test. The main effect of group was statistically 
significant, F(1, 64) = 17.47, η2 = 0.21, p < 0.001. VR-based learning 
resulted in a favorable outcome to traditional lectures in the post-test 
(EG: 94.03%, CG: 81.55%, p < 0.001). The magnitude of improvement 
was greater in EG compared with CG, which was supported by a 
significant interaction effect, F(1, 64) = 12.00, η2 = 0.16, p = 0.001.

In terms of knowledge on navigation rules, significant results were 
identified in the main effect of time, F(1, 64)  = 90.58, η2 = 0.59, 
p < 0.001, indicating a higher accuracy in the post-test. VR technology 
facilitated understanding of navigation rules. This can be substantiated 
by significant group effect, F(1, 64) = 7.98, η2 = 0.11, p = 0.01, and 
favorable performance associated with EG in the post-test (EG: 
94.53%, CG: 82.72%, p < 0.001). A significant interaction effects was 
identified, F(1, 64)  = 4.52, η2 = 0.07, p = 0.04, indicating that VR 
technology induced a greater improvement than traditional lectures 
(Table 3).

3.2 Effect of teaching methods on 
motivation

Compared with traditional lectures, VR induced greater 
improvements in students’ intrinsic motivation and identified 
regulation but larger reductions in external motivation 
and amotivation.

In intrinsic motivation, the main effect of time was significant, 
F(1, 64) = 16.82, η2 = 0.21, p < 0.001. Both EG (pre-test: 16.44, post-
test: 20.22, p = 0.003) and CG (pre-test: 14.76, post-test: 17.97, 
p = 0.009) showed a higher intrinsic motivation in the post-test. The 
main effect of group was also statistically significant, F(1, 64) = 4.97, 
η2 = 0.07, p = 0.03. Further analysis found a higher level of intrinsic 
motivation associated with VR-based learning than traditional 
lectures in the post-test (EG: 20.22, CG: 17.97, p = 0.03). Additionally, 
interaction effect was non-significant, F(1, 64) = 0.11, η2  = 0.002, 
p = 0.74, suggesting comparable performance change over time.

The identified regulation indicated similar outcomes to the 
intrinsic motivation. The main effect of time was significant, F(1, 
64) = 14.96, η2 = 0.19, p < 0.001, suggesting an overall improvement 
in the post-test. The group effect was also statistically significant, F(1, 
64) = 4.48, η2 = 0.07, p = 0.04. There was no significant difference 
between EG and CG in the pre-test (p = 0.26), but EG outperformed 
CG in the post-test at a statistically significant level (EG: 19.91, CG: 
17.65, p = 0.04). The interaction effect was non-significant, F(1, 
64) = 0.17, η2 = 0.003, p = 0.69, suggesting comparable performance 
change over time.

In external motivation, significant results were identified in the 
main effect of time, F(1, 64) = 13.23, η2 = 0.17, p = 0.001, as well as the 
main effect of group, F(1, 64) = 9.20, η2 = 0.13, p = 0.003. No 
significant result was observed in interaction effect, F(1, 64) = 0.002, 

FIGURE 1

Demonstration of the VR-based lecture.
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FIGURE 2

Flowchart of the experimental procedures.

TABLE 3 Academic performance in sailing knowledge tests.

Category Time EG CG Two-way MANOVA

M ± SD M ± SD Time effect Group effect Interaction effect

Sailing knowledge (%) Pre 45.72 ± 7.19 42.03 ± 9.02 F = 1162.52

η2 = 0.95

p < 0.001

F = 27.43

η2 = 0.30

p < 0.001

F = 5.17

η2 = 0.08

p = 0.03
Post 93.91 ± 5.08 84.19 ± 7.92

Sailboat structure (%) Pre 31.25 ± 10.70 28.24 ± 11.41 F = 1027.70

η2 = 0.94

p < 0.001

F = 1.69

η2 = 0.03

p = 0.20

F = 0.08

η2 = 0.001

p = 0.79
Post 93.13 ± 9.98 91.18 ± 12.00

Sailing skills (%) Pre 46.06 ± 9.57 44.85 ± 11.42 F = 677.08

η2 = 0.91

p < 0.001

F = 17.47

η2 = 0.21

p < 0.001

F = 12.00

η2 = 0.16

p = 0.001
Post 94.03 ± 6.37 81.55 ± 9.29

Navigation rules (%) Pre 62.69 ± 14.89 62.50 ± 18.46 F = 90.58

η2 = 0.59

p < 0.001

F = 7.98

η2 = 0.11

p = 0.01

F = 4.52

η2 = 0.07

p = 0.04
Post 94.53 ± 8.36 82.72 ± 12.32

EG, experimental group; CG, control group; M, mean; SD, standard deviation.
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η2 < 0.001, p = 0.96. However, it is worth noting that the external 
motivation reduced in the post-test whether in the VR group (pre-test: 
17.72, post-test: 14.19, p = 0.01) or the control group (pre-test: 20.18, 
post-test: 16.74, p = 0.01). Students in EG had lower external 
motivation than in CG after the sail education program (EG: 14.19, 
CG: 16.74, p = 0.04).

Consistent findings with the external motivation were identified 
in amotivation. The main effect of time, F(1, 64) = 13.91, η2 = 0.18, 
p < 0.001, and the main effect of group, F(1, 64) = 14.96, η2 = 0.19, 
p < 0.001, were statistically significant. In contrast, the interaction 
effect was non-significant, F(1, 64) = 0.54, η2 = 0.008, p = 0.47. Further 
analyses found significant reductions in autonomous motivation after 
the intervention in both EG (pre-test: 16.56, post-test: 12.09, p = 0.003) 
and CG (pre-test: 19.38, post-test: 16.38, p = 0.04). No significant 
difference was found between EG and CG in the pre-test (p = 0.06). 
In the post-test, however, students in EG had lower autonomous 
motivation than their counterparts in CG (EG: 14.19, CG: 16.74, 
p = 0.001) (Table 4).

4 Discussion

Participants improved basic sail knowledge after 6-week courses 
given by either VR sessions or traditional lectures. It is necessary to 
highlight the favorable outcomes associated with VR learning. EG 
showed a higher accuracy rate than CG in overall knowledge in the 
post-test, and the magnitude of improvement is significantly larger 
than CG. Specifically, VR technology facilitated understandings on 
sailing skills and navigation rules, which was substantiated by 
preferable performance of VR-based sessions over traditional lectures 
in the post-test. In addition to the differences between the teaching 
approaches, comparable performance was identified in terms of 
knowledge on sailboat structure. Therefore, the main findings 
provided critical insights into applying VR technology to course 
design and teaching.

The current study is consistent with a recent meta-analysis 
revealing that HMD-based immersive learning has an overall better 
effect on learning performance than non-immersive learning 
approaches (Wu et al., 2020). According to the experiential learning 

theory, “learning is the process whereby knowledge is created through 
the transformation of experience” (Kolb, 1984). The VR-based sail 
education program was designed in line with the four-step cycle of 
experiencing, reflecting, thinking, and acting. Authentic feeling was 
simulated by the first-person view, 3D modeling, spherical video, and 
virtual field trips (Weyhe et al., 2018; Chien et al., 2020; Han, 2020). 
A prominent advantage of VR-based lectures over traditional lectures 
is the concrete experience in learning. Additionally, VR-based lectures 
associated with demonstration in a virtual environment facilitated 
students making reflective connections between teaching content and 
observation. The reflective observation then helped the students to 
engage in thinking to comprehend concepts, form theories, and reach 
conclusions. After each VR-based lecture, self-regulated learning 
sessions were assigned which provided students with affordances of 
learning by doing. In this stage, the students tested their theories and 
thoughts through active experimentation, thus establishing direct 
connections between operations and outcomes. The enhanced 
learning effects can be also explained by embodied learning theory, 
which highlights the relationship between body movements and 
cognitive processes (Smith, 2024). Adding a motoric modality to the 
learning signal can activate more neural paths, which can make 
learning signals or memory tracking stronger (Kim et al., 2023).

An example that describes the learning process is the 
understanding of no-sail zone. “A sailboat can barely make any 
forward progress directly into the wind. When you tried to sail close 
to the wind, the sails simply flapped and you  lost headway.” This 
interpretation is probably what students always heard about no-sail 
zone in traditional lectures. In the virtual environment, students are 
given the sailor role to trim the virtual sail and then can actually see 
how speed changes when the sailboat approaches, enters and leaves 
the zone. In terms of upwind sailing, the smaller the angle between the 
boat and the wind direction, the slower the speed. By observing the 
prominent change in speed, students can better understand the 
concept of no-sail zone. Therefore, explorations in the virtual 
environment enhance learning by doing.

Situational motivation refers to the motivation that an 
individual experiences while currently engaged in an activity 
(Vallerand, 1997). This concept provides valuable insights into an 
individual’s current self-regulation processes. To further refine 

TABLE 4 Motivation performance in SIMS tests.

Category Time EG CG Two-Way MANOVA

M ± SD M ± SD Time effect Group effect Interaction effect

Intrinsic motivation Pre 16.44 ± 5.91 14.76 ± 5.67 F = 16.82

η2 = 0.21

p < 0.001

F = 4.97

η2 = 0.07

p = 0.03

F = 0.11

η2 = 0.002

p = 0.74
Post 20.22 ± 3.20 17.97 ± 4.62

Identified regulation Pre 16.34 ± 4.96 14.76 ± 6.14 F = 14.96

η2 = 0.19

p < 0.001

F = 4.48

η2 = 0.07

p = 0.04

F = 0.17

η2 = 0.003

p = 0.69
Post 19.91 ± 3.86 17.65 ± 4.70

External regulation Pre 17.72 ± 6.42 20.18 ± 3.95 F = 13.23

η2 = 0.17

p = 0.001

F = 9.20

η2 = 0.13

p = 0.003

F = 0.002

η2 < 0.001

p = 0.96
Post 14.19 ± 5.15 16.74 ± 4.80

Amotivation Pre 16.56 ± 7.47 19.38 ± 4.29 F = 13.91

η2 = 0.18

p < 0.001

F = 14.96

η2 = 0.19

p < 0.001

F = 0.54

η2 = 0.008

p = 0.47
Post 12.09 ± 3.60 16.38 ± 5.93

EG, experimental group; CG, control group; M, mean; SD, standard deviation.
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and describe the situational motivation, self-determination theory 
(SDT) divides motivation into four components including 
intrinsic motivation (IM), identified regulation (IR), external 
regulation (ER) and amotivation (AM), which constitute a self-
determination continuum from high to low levels (Deci and Ryan, 
1991). The results obtained through the 7-point Likert scale in the 
current study showed that students’ IM and IR increased to a 
larger extent associated with VR sailing. On the other hand, 
greater reductions ER and AM were identified in EG compared to 
CG. Specifically, VR captured students’ inherent interest and 
enjoyment in learning about sailing, thereby enhancing their IM 
(Deci and Ryan, 2000). IM is a critical component of self-
determination theory and is likely responsible for the 
preponderance of human learning across the lifespan (Bouffard 
et al., 2017). In formal education, IM has been shown to predict 
student engagement and, in turn, higher achievement (GPA) 
(Froiland and Worrell, 2016). Therefore, the increase in IM 
associated with VR sailing can be seen as a positive outcome that 
may lead to improved learning and engagement among students. 
The increased IR means that students consciously identified with 
or personally endorsed the value of the sailing activity and 
experienced a relatively high degree of volition or willingness to 
act (Ryan and Deci, 2020). IR is a form of motivation that is more 
autonomous and self-determined than ER. Therefore, the increase 
in IR associated with VR sailing can be seen as a positive outcome 
that may lead to more sustained engagement and effort among 
students. Notably, the study found that ER decreased in the EG 
compared to the CG. ER concerns behaviors driven by externally 
imposed rewards and punishments and is typically experienced as 
controlled and non-autonomous (Ryan and Deci, 2020). The 
significant decrease in ER in the EG suggests that VR was able to 
reduce the reliance on external rewards and punishments among 
students, which may lead to more autonomous and self-
determined motivation. Additionally, the study also found that 
AM decreased in the EG compared to the CG. AM can result from 
a lack of felt competence to perform or a lack of value or interest 
in the activity. It has been shown to be a strong negative predictor 
of engagement, learning, and wellness (Ryan and Deci, 2020). The 
decrease in AM in the EG suggests that VR was able to address 
some of the underlying issues that may have contributed to 
AM among students, such as a lack of interest or competence in 
sailing. This, in turn, may lead to improved engagement and 
learning among students. In conclusion, these findings suggest 
that VR-based education can facilitate increasing students’ self-
determination and lead to improved learning and engagement 
among students.

These results are significant for future PE programs, especially 
sailing education. By providing immersive and interactive learning 
experiences, VR can help students develop a strong foundation in 
sailing skills and knowledge. This can make the transition to real sailing 
smoother and more effective. In addition, the engaging and enjoyable 
nature of VR can stimulate students’ interest in sailing and motivate 
them to further explore and engage with the sport. Despite the 
promising results, the study has several limitations that should be noted. 
For example, the sample size of the study was relatively small, which 
may limit the generalizability of the findings to larger populations. 
Besides, the sail education program consisted of 12 sessions over 

6 weeks. It is unclear whether the benefits of VR-based learning would 
persist over longer periods of time or with more extensive use of the 
technology. Furthermore, this study only explored the impact of VR on 
students’ theoretical sailing knowledge, which is an important starting 
point, but clearly not sufficient to fully assess the effectiveness of VR in 
the field of sailing education. Therefore, in future research, it is essential 
to combine VR-based learning with real-world practice to ensure that 
students develop comprehensive and practical sailing skills.

5 Conclusion

Sailing is considered effective in promoting health, life skills, self-
esteem, and academic performance for children and adolescents. The 
current study compared VR lectures with traditional lectures in the 
effectiveness of students learning basic sail knowledge and motivation. 
Participants attending the VR lectures and self-regulated VR practice 
outperformed their counterparts taking traditional lectures in the 
post-test. Specifically, VR technology induced superior outcomes over 
traditional lectures in sailing skills, and navigation rules. An evidence-
based conclusion can be reached that VR is an effective instrument to 
facilitate student novices learning basic sail knowledge. Compared 
with traditional lectures using sailboat model to introduce structure 
of a sailboat, VR sessions indicated no advantage. The finding implies 
that VR facilitates learning by helping the students to make observable 
and reflective connections between abstract knowledge and 
experience. Because VR could better improve students’ intrinsic 
motivation and identified regulation while better reduce external 
motivation and amotivation in sailing lessons. According to self-
determination theory, it can be further deduced that VR-based sailing 
education facilitates increasing students’ self-determination. In 
conclusion, we  suggest that VR is a promising supplement to 
traditional teaching methods, providing students with an active, 
engaging, and insightful learning experience. However, it cannot 
currently serve as a complete substitute for real-world sailing. This is 
because the existing VR technology is unable to replicate certain 
sensory elements, such as the feel of the wind, the smell of the sea, and 
the physical sensation of movement, all of which are important to the 
sailing experience.
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