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Abstract 

The objectives of the present study were to search and critically analyse the immersive 

learning environments; and deriving the applications and effects of immersive learning 

environment in education with suitable examples and support of empirical evidences. Based 

on the objectives and limitations of the present study, I developed the following important 

research questions for critical analysis. The ―Substitution Augmentation Modification 

Redefinition Model‖ (SAMR) of Dr Ruben Puentedura was used as the theoretical 

framework. The study is review-based and analytical in nature, where related literatures 

regarding the uses, effects and challenges of immersive learning environments in education in 

present and futuristic perspectives. Bothn inclusion and exclusion criteria were followed. 

From the intensive literature review regarding the immersive learning environments widely 

used in educational setting, the following four important aspects were found, viz. immersive 

learning, virtual reality, augmented reality and mixed reality. The results revealed that ILEs 

have wide educational effects like providing learning autonomy, increasing attention, 

providing permanent learning, self-regulated learning, active participation, increasing 

comprehension of lesson, providing in-depth learning etc. in terms of cognitive effects. ILEs 

have some affective effects of students like satisfaction, fun, curiosity, enjoyable, interesting, 

exciting, motivating etc. After the critical analysis of the immersive learning environment 

systems used in education, game-based learning, project-based learning, experiential 

learning, collaborative learning etc. were found to be most frequently used. So far as its 

implementation part is concerned, some sorts of challenges have been noticed in research 

studies i.e., difficulty in understanding, technical problems, insufficient instruction, limited 

time, and health problems. Suggestions for further research were provided.  

Keywords: Immersive technology; Immersive learning environment; Virtual reality; 

Augmented reality 

 

Introduction 

Man is a social animal, who lives in the society. Human life is full of learning, experiences 

and new knowledge based on time and place. It is the reasoning capacity that makes them 

different and unique than the other living creatures. Learning plays a significant role for all 

the individuals including teachers, students, working professional etc. It may be defined as a 

process of developing insight into the knowledge, understanding, behaviour, skills, and 

experiences that is acquired and constructed by the human beings (Gross, 2022). Several 

techniques have been developed to develop the learning and knowledge of the human beings 

day-by-day.Some kinds of learning are revealed to be immediate which are induced by a 

single event and some are deduced from existing events or experiences. Through learning, a 
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change in human behaviour is noticed which lasts for life-timebecause of much knowledge 

and skills accumulated from reconstructed life-experiences (Schacter et al., 2011). Research 

study reveals that human learning starts before the birth of a child i.e., inside the mother‘s 

womb (OECD, 2007) and it continues till the end of life. Human beings learn a lot and 

develop the boundary of knowledge through ongoing and continuous interaction among 

people, social learning environment and other relevant factors. Learning is a natural, 

situational and environmental event, which is affected by several factors. But, so far as 

learning is concerned, the learning environment plays the most significance role in this 

regard.The term learning environment may be described as a situation for the occurrence of 

teaching and learning in educational and cultural context, which is alternative to the concept 

of ‗classroom‘. In most typical sense, learning environment can be defined as the educational 

context based on knowledge and experience of the students where learning occurs 

encompassing varieties of learning cultures. Learning environment in social context refers to 

the culture of the population, where learning occurs in a social setting. But it is true that 

learning environments are highly diverse in nature, which is deeply influenced by learning 

styles, institution, culture, organisation, thinking, behaviour, working culture etc. From the 

educational perspectives, learning environment is highly influenced by the operational 

characteristics of the teachers and the experience of the students including pedagogy, learning 

styles, and several internal-external factors (Horne-Martin, 2002). Traditional model, 

progressive model, constructive model, technological model and skill-based models of 

education are the several educational models developed throughout 20
th

 and 21
st
 century upon 

which the learning is based on. Each model of education has its own significance in different 

context. Taking into account the technology-based learning model, Immersive Learning 

Environments (ILEs) have been developed to make learning more joyful, interesting and 

active. In educational and other fields IMLs have been recently prevailing and developing 

(Frank & Kapila, 2017).  

Immersive technologies stand between virtual and augmented reality i.e., virtual and 

realworld (Lee at al., 2013). In order to visualise important abstract concepts in education and 

engage the learners in real-life learning experience the ILEs in education has been 

incorporated systematically (Falah et al., 2014). The use of these immersive technologies 

develops special skills among the students which becomes very difficult by using the 

traditional teaching methods (Akcayir&Akcayir, 2017), along with that these technologies 

also increase student‘s participation in study (Fonseca et al., 2014) and active engagement 

(Haung et al. 2010).  

Theoretical framework 

SAMR Model: 

In the present study, ―Substitution Augmentation Modification Redefinition Model‖ (SAMR) 

of Dr Ruben Puentedura (Puentedura, 2006; Puentedura, 2013; Tunjera&Chigona, 2020) was 

used as the theoretical framework. The SAMR model examines the use of technology in 

teaching and instructional activities. This model enables the teachers for developing their 

reflection on technology integration and critically evaluating technology integration related 

activities as one of the most important sources of learning experience. This model is closely 

related with developing learning outcomes of the students based on their diverse needs and 

expectations as revealed in research study (Hamilton et al., 2016).  
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Figure 1. The SAMR model of teaching (Source: Puentedura, 2013) 

The figure depicts the SAMR model of teaching along with it four important elements. The 

overall model is based on two important technology tools i.e., enhancement tools and 

transformation tools covering the first two steps and last two steps respectively. The first step 

in the enhancement level is substitution, which is used as a direct tool which is used as 

substitution of analog version, which does not include any kind of functional change. 

Example: use of math games.The second step is augmentation which refers to the functional 

improvement of tool and direct substitution. Example; game-based learning.In the 

transformation level, modification is the first step which needs reflection and it brings 

definite change in teaching by redesigning the teaching task. Example: virtual laboratory. The 

second step of transformation level is redefinition, where we can notice clear cut 

transformation and active learning as here the use of technology is done to create new tasks. 

Example: use of immersive technology, use of interactive learning tools etc. (Kuhail et al., 

2022). This SAMR model of teaching was taken as the theoretical framework in the present 

study, where related literatures regarding the immersive learning environment were collected 

and critically analysed, from which the application and effects of immersive learning 

environment were derived along with the challenges in its implementation part.  

From the intensive literature review regarding the immersive learning environments widely 

used in educational setting, the following four important aspects were found, viz. immersive 

learning, virtual reality, augmented reality and mixed reality (Kuhail et al., 2022). 

Immersive Learning:In most simple way, immersive learning may be defined as the learning 

which is possible through the use of immersive technology (Li & Ip, 2022), but technology -

based learning and learning is distinguished from the effects that it creates (Slater, 2003). 

According to Kuhail et al. (2022), immersion means ‗technological elements of a medium its 

emerging response‘.Use side (learning through presence) and supply side 

(educationalmedium) are the two basic elements of immersive technology (Dengel & 

Magdefrau, 2018). 

Virtual Reality:In simple sense, virtual reality can be defined as a process of creating 

artificially simulated experience by taking different form of real-world situation by taking the 

totality of software and hardware technologies (Delaney & Furness, 2014). 
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Augmented Reality:Along with virtual contents augmented reality system is blended with 

real imagery in a real time user interaction with the system (Klopfer & Squire, 2007). 

Marker-based and markerless are the two types of augmented reality. Along with these two 

types, location based augmented reality is also widely used.  

Mixed Reality:Mixed reality is one kind of emerging immersive technology developing 

throughout the world. But it is very difficult to distinguish augmented and mixed reality 

(Speicher et al., 2019), as researcher considers mixed reality as a sub-set of augmented reality 

(Milgram & Kishino, 1994). However, according to Speicher et al. (2019), ―Mixed reality 

takes augmented reality further by allowing users to walk into and manipulate virtual objects 

shown in the real world‖.  

So far as the interaction techniques of immersive technologies are concerned, it can be said 

that learning tasks can be performed and conducted in virtual 3D environment or in real 

environment based on the interaction between human beings and computer (Aliprantis et al., 

2019). 

Methodology 

The study is review-based and analytical in nature, where I collected related literatures 

regarding the uses, effects and challenges of immersive learning environments in education in 

present and futuristic perspectives. Iused keywords like ―immersive learning‖, ―immersive 

learning environment‖, ―virtual reality‖, ―augmented reality‖ etc. and collected related 

literatures from different databased like SCOPUS, Web of Science, ProQuest, Google 

Scholar, ResearchGate, ERIC etc. Before selecting the final articles for review analysis, I 

followed some inclusion and exclusion criteria. The primary and secondary research studies 

published in English language and related to education were included for the final 

analysis.Effort was made to include the recently published research papers (2015 onwards) in 

indexed journals. The articles not fulfilling thenorms of inclusion criteria were not taken into 

account.However, posters, review papers, technical reports, Ph.D. thesis or tutorials etc. were 

excluded. After the collection of related studies, the research protocol like research 

objectives, questions, searching plans, criteria etc were defined for the present study.  

The objectives of the present study were to search and critically analyse the immersive 

learning environments; andderiving the applications and effects of immersive learning 

environment in education with suitable examples and support of empirical evidences. Based 

on the objectives and limitations of the present study, I developed the following important 

research questions for critical analysis. 

RQ1- What are the immersive learning environments used in education? 

RQ2- What are the applications of immersive learning environment in education? 

RQ3- What is the effect of immersive learning environment in education? 

RQ4- What are the challenges in implementing immersive learning environment? 

The first research question examines the examples of immersive learning environments 

widely used in educational setting with supporting evidences. The second question deals with 

the critical analysis of the application part of the widely used immersive learning 

environment in education. The third question examines the effectiveness of immersive 
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learning environment in education through meta-thematic approach. The last question of this 

study examines the challenges in applying immersive learning environment.  

Resultsand Discussion  

Critical Analysis of Immersive Learning Environment in Education: An Overview 

RQ1- What are the immersive learning environments used in education? 

The first research question examines the examples of immersive learning environments 

widely used in educational setting with supporting evidences. In this regard, Kuahail et al., 

(2022) surveyed immersive learning experiences through secondary data by analysing recent 

evidence-based research studies. They critically analysed 42 research paper on immersive 

learning experiences in education by taking into account seven important dimensions i.e., 

―application field, technology used, educational role, interaction techniques, pedagogical 

strategies, evaluation methods, and challenges‖. They found that most of the related studies 

covered Science, Technology, Engineering and Mathematics (STEM) related topics. The 

study also revealed that immersive learning experiences are widely used in USA as compared 

to other countries, and its usages are increasing gradually.Akgun & Atici (2022) critically 

examined the immersive virtual reality-based environments as a predictor of student‘s 

academic achievement by applying meta-analysis and meta-thematic approach. The content 

analysis and meta-analysis of the research studies revealed that ILEs have wide educational 

effects like providing learning autonomy, increasing attention, providing permanent learning, 

self-regulated learning, active participation, increasing comprehension of lesson, providing 

in-depth learning etc. in terms of cognitive effects. ILEs have some affective effects of 

students like satisfaction, fun, curiosity, enjoyable, interesting, exciting, motivating etc. 

Kesim &Ozarslan (2012) undertook research study on different types of immersive systems 

widely used in educational setting, viz. HMDs, 3D models etc. Along with this, the study 

explained and discussed the augmented reality systems i.e., ‗enablement of real-world and 

collaborative task‘. Related to this research also indicated desktop computers as usable for 

providing learning experiences based on augmented reality (Akcayir&Akcayir, 2017). 

Simulation and training are also other applications of immersive learning environment used 

for educational purposes (Kavanagh et al., 2017). Research also revealed that virtual 

immersive learning systems has been used in different domains of education like computer 

science, engineering, physics, astronomy, chemistry. biology, mathematics, medicine, art-

science etc. (Radianti et al., 2020), this study discussed ‗game-based learning‘ and 

‗experiential learning‘ as examples of immersive learning system.Along with all these, other 

pedagogical principles of ILEs included collaborative learning, activity-based learning, 

architectural pedagogy and scaffolding (Kavanagh et al., 2017;Asad et al., 2021; Luo et al., 

2021; Pellas et al., 2021).  

After the critical analysis of the immersive learning environment systems used in education, 

the following important aspects were found as common in most of the studies. 



 

6 
 

 

Figure 2. Different types of ILE systems (Source: Compiled by author) 

 Game-based learning:This method used learning games as a medium for defining 

and supporting students‘ learning in a game-based learning environment. It develops 

academic engagement and active participation among students.   

 Experiential learning: It refers to an experiential training method to teach students 

by the use of virtual reality for simulating real-world scenarios and engaging students 

in an immersive environment. 

 Simulation-based learning: It refers to a form of experiential learning which 

provides real-world experience to the students, and develop the boundary of their 

knowledge and skills in a most suitable simulated environment. 

 Collaborative learning: It refers to a learning environment where the students work 

and learn together in a group about different tasks with active participation.  

 Activity-based learning:It refers to a learning environment where the students 

perform some activities and learn in a group.  

 Project-based learning:It refers to one kind of instructional approach which is 

designed for the students for developing their knowledge and skills by engaging them 

in project-based activities surrounded with problems and challenges. 

Applications of Immersive Learning Environments 

RQ2- What are the applications of immersive learning environment in education? 

So far as the applications of ILE systems in education are concerned, the research studies 

revealed that ILEs have wide educational benefits concerned to developing motivation among 

students, improving learning outcomes, encouraging active-learning, facilitating social 

learning and fostering imaginative skills (Akcayir&Akcayir, 2017; Kavanagh et al., 2017;Luo 

et al., 2021; Pellas et al., 2021).ILEs for educational purposes have four important features 

i.e., sensory, narrational, actional and social (Dede et al., 2017). According to Akgun & Atici 
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(2022), immersive learning environments has some special features regarding its application 

i.e., useful in multi-dimensional context,provides a safe learning environment,provides a 

flexible environment, provision of interactive learning environment, time saving, removal of 

time-space limitation, provision of feedback, setting a standard in learning, chances of 

applying knowledge in real-life situation.Research studies related to the applications of 

immersive learning environment have been examined by applying experiments, 

questionnaire, evaluation, interview, and field observations (Kuhail et al., 2022). 

Experimental studies about the applications of immersive learning environment in classroom 

context revealed significant results for improving academic performance (Sarkar et al., 2019, 

Georgiou et al., 2021, Lin et al., 2018), and also it develops learning satisfaction while 

engaging in augmented reality-based learning environment (Rossano et al., 2020).The 

research studies based on applying questionnaire tool revealed that immersive learning 

environments is positively perceived by the students in terms of improving their 

performances, motivation for learning and doing any kind of academic tasks, and academic 

engagement (Stigall & Sharma, 2017). Evaluative study(Sajjadi et al., 2020) and field 

observation (Nordin et al., 2020) studyon immersive learning environments revealed 

subjective satisfaction, learning engagement, usability, flexibility in learning, interactive etc. 

as the benefits of ILEs in educational setting.  

It is a fact that immersive learning activities help the students for engaging in a learning 

environment where the students actively participate in learning-related activities. So far as the 

implementation of immersive learning is concerned, it is suggested to take care of four 

important aspects i.e., engagement, effectiveness, performance tracking and spatial designs. 

As these learning environment is based on developing student‘s knowledge, so adopting such 

technologies and implementing in educational setting is highly beneficial now a days as we 

live in an era of technology.  

From the analysis of the applications of immersive learning environment in education, it is 

vivid that it has wide educational applications in different aspects of education.  

 
 
 

Effectiveness of Immersive Learning Environments 

RQ3- What is the effect of immersive learning environment in education? 

Empirical studies related to the effect of immersive learning environment reveals mostly 

significant positive results. The meta-analysis results of virtual reality environment revealed 

that it has game-based virtual reality showed significantly positive results on K-12 and 

tertiary level student‘s achievement as compared to simulation and virtual worlds (Merchant 

et al., 2014). North & North (2016) examined virtual reality-based environment and revealed 

its sense as high. The study of Tepe (2019) also revealed high sense of presence of virtual 

reality environment, and along with this it also found virtual reality environment as a 

significant predictor of student‘s learning and professional skills too. So far as the effects of 

virtual learning environment on physics lessons of 8
th

 grade students are concerned, research 

revealed significant results in terms of academic performance and motivation (Al-Amri & 

Musawi, 2020), similar study also revealed significant results in terms of increasing student‘s 

interest and motivation in an individual learning environment (Yildirim et al., 2020). The 

study of Chein et al. (2020) also revealed significant results of virtual learning environments 
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on developing critical thinking and motivation among students and decreasing anxiety among 

them. So far as the academic success and satisfaction among students are concerned, the 

virtual learning environments also showed positive results (Kim, 2021).Akgun & Atici 

(2022) conducted a meta-analytical and meta-thematic study to gain understanding regarding 

the effectiveness of immersive virtual reality environments in terms of academic performance 

of learners by following a mixed design. The study revealed a moderate positive effect of 

ILEs on student‘s academic success, and along with these, the meta-thematic analysis 

revealed significant effects in cognitive, affective and psychomotor skills of the students and 

several academic benefits.Liu et al. (2022) conducted a study on immersive virtual reality 

classrooms and its effect on the academic success of primary school students in science 

lessons through mixed-method approach and revealed significant effects in terms of academic 

success and motivation among students. the study also revealed that immersive virtual reality 

environment reduces cognitive loads among students. Almufarreh (2023) explored the 

significance of mixed reality environment in fostering learning experience of students and 

their academic achievement by applying quantitative research design and revealed significant 

positive results in favour of mixed reality-based on experiential learning and interactivity. 

Sviridova et al., (2023) conducted an experimental study to gain understanding about 

immersive technologies as a medium to develop academic success and learning motivation of 

students studying in higher educational institutions and revealed effectiveness of immersive 

technologies at university level.  

However, a smaller number of studies were found concerning the effectiveness of immersive 

learning environments on student‘s academic achievements. However, the critical analysis of 

the recent literature the focus areas of the effectiveness of immersive learning environment 

were found as depicted in the following figure.  

 

Figure. 3 Focus areas of effectiveness of ILEs 

Virtual reality environment and immersive learning environment are the widely studied areas 

in different disciplines; but so far as its effectiveness is concerned most of the studies 
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examined the same in terms of students‘ academic achievements, satisfaction, motivation, 

critical thinking, cognitive, affective and psychomotor skills, and professional skills.  

 

Challengesin Implementing Immersive Learning Environments 

RQ4- What is the challenges in implementing immersive learning environments? 

Immersive learning environments have wide educational implications in present and futuristic 

perspectives, but so far as its implementation part is concerned, some sorts of challenges have 

been noticed in research studies i.e., difficulty in understanding, technical problems, 

insufficient instruction, limited time, and health problems (Akgun & Atici, 2022).Apart from 

these, research studies reveal several challenges and limitations that hinders the 

implementation immersive learning environment in the field of education viz. discomfort 

(Nersesian et al., 2020), inadequate tracking (Theart et al., 2017), lack of tutorials (115), 

inadequate vision (Erofeeva&Klowait, 2021), difficulty in handling equipment (Hu-Au & 

Okita, 2021), and limited interaction (Lee et al., 2021).  

 

Figure 4. Challenges in implementing ILEs 

Besides having positive impacts of immersive technology in education, several challenges are 

noticed in its implementation part. Out of different challenges, lack of proper awareness 

among the stakeholders of education is one of the most important challenges, and in this 

regard digital divide can also be a challenge as the ILEs are based on the use of educational 

technology too. On the other hand, virtual reality-based tools are very expensive, so all the 

educational institutions may not afford the same. Similarly, supports of parents and other 

stakeholders of education for the implementation of immersive learning technology is also 

one of the challenges in this regard.  
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Conclusion 

The SAMR model of teaching was taken as theoretical framework in the present study, and in 

this regard the analysis of related literature revealed that most of the study have been 

conducted in augmentation level followed by others. So far as the pedagogical strategies used 

in immersive learning are concerned, it was found that game-based learning, collaborative 

learning, project-based learning etc. were most frequently used strategies in educational 

setting. The critical evaluation of the literatures made it clear that immersive learning 

environments have relevance in present context as it has wide educational implications in 

terms of improving student‘s academic performance, engagement and participation, 

motivation, satisfaction etc. So far as the effects of immersive learning environments are 

concerned, almost all the experimental and survey studies revealed significant positive effects 

in terms of cognitive, affective and psychomotor domain of student‘s learning. The available 

literatures made it clear that immersive learning environments are the most powerful 

educational tools widely applicable to improve the quality of education. The meta-thematic 

analysis of some literature also revealed that immersive learning environments with virtual 

reality has potential to foster psycho-motor skills, technical skills and other related skills 

among the students (Kalkan, 2020). Apart from these, the immersive learning environments 

have resulted some negative outcomes in terms of increasing dizziness, nausea, insufficient 

sound issues, anxiety, headache, fatigue etc. among the users (Kaleci et al., 2017; Demir, 

2019). However, other challenges and problems in the implementation of immersive learning 

environments were also found, which needs to be given attention, and in this regards further 

research studies can be conducted for effective implementation of immersive technology 

particularly in Indian context, as very less number of studies were found in India.  

As from the analysis of related literature it was found that most of the studies have been 

conducted in STEM, so further studies may be conducted in other areas like arts and 

humanities. Further experimental and survey research can be undertaken taking into account 

the other related variables with immersive learning environments. Conceptual frameworks 

can be developed by conducting further research studies on immersive learning environment 

from the context of its implementation could be derived in terms of classroom settings. Less 

number of studies were found in school context, so it is recommended to conduct further 

research studies in school and other levels of education.  

Finally, it can be concluded that immersive learning environments have significant positive 

results in educational setting, so stakeholders of education should be encouraged to use it in 

classroom context as power tool of improving student‘s academic progress in qualitative 

perspectives.   

 

 

 

 

 

 

 



 

11 
 

References 

 

Akçayir, M.; Akçayir, G. (2017). Advantages and challenges associated with augmented 

reality for education: A systematic review of the literature. Educ. Res. Rev., 20, 1–11.  

 

Akgun, M. & Atici, B. (2022). The effects of immersive virtual reality environments on 

students‘ academic achievement: A meta-analytical and meta-thematic study. 

Participatory Educational Research, 9(3), 111-131.  

 

Al-Amri, A., Osman, M., & Al Musawi, A. (2020). The Effectiveness of a 3D-Virtual Reality 

Learning Environment (3D-VRLE) on the Omani Eighth Grade Students' 

Achievement and Motivation towards Physics Learning. International Journal of 

Emerging Technologies in Learning, 15(5).  

 

Aliprantis, J.; Konstantakis, M.; Nikopoulou, R.; Mylonas, P.; Caridakis, G. (2019). Natural 

Interaction in Augmented Reality Context. In Proceedings of the 1st 

InternationalWorkshop on Visual Pattern Extraction and Recognition for Cultural 

Heritage Understanding co-located with 15th Italian Research Conference on Digital 

Libraries (IRCDL 2019), Pisa, Italy, 30 January 2019. 

 

Almufarreh, A. (2023). Exploring the Potential of Mixed Reality in Enhancing Student 

Learning Experience and Academic Performance: An Empirical Study. Systems, 11, 

292. https://doi.org/10.3390/systems11060292 

 

Asad, M.M.; Naz, A.; Churi, P.; Tahanzadeh, M.M. (2021). Virtual Reality as Pedagogical 

Tool to Enhance Experiential Learning: A Systematic Literature Review. Educ. Res. 

Int.7061623.  

 

Chien, S. Y., Hwang, G. J., & Jong, M. S. Y. (2020). Effects of peer assessment within the 

context of spherical video-based virtual reality on EFL students‘ English-Speaking 

performance and learning perceptions. Computers & Education, 146, 103751.  

 

Dede, C. J., Jacobson, J., & Richards, J. (2017). Introduction: Virtual, augmented, and mixed 

realities in education. In D. Liu, C. Dede, R. Huang, & J. Richards (Eds.), Virtual, 

augmented, and mixed realities in education (pp. 1–16). Springer. 

https://doi.org/10.1007/978-981-10-5490-7_1  

 

Delaney, B.; Furness, T.A. (2014). Virtual Reality 1.0—The 900s: The Birth of VR, in the 

Pages of CyberEdge Journal; CyberEdge Information Services. Available online: 

https://books.google.ae/books?id=OgZatAEACAAJ&printsec=frontcover&source=gb

s_ge_ 

 

Demir, R. (2019). Sanal gerçeklikgözlüğünedayalı din 

öğretimineyöneliköğretmenadaylarınıntutumu [The Attitude of Preservice Teachers‘ 

for Religious Teaching Based on Virtual Reality Glasses]. MANAS Journal of Social 

Research, 8(1), 847-861. 

 

Dengel, A.; Magdefrau, J. (2018). Immersive learning explored: Subjective and objective 

factors influencing learning outcomes in immersive educational virtual environments. 

https://doi.org/10.3390/systems11060292


 

12 
 

In Proceedings of the IEEE International Conference on Teaching, Assessment, and 

Learning for Engineering (TALE),Wollongong, Australia, 4–7 December 2018. 

 

Erofeeva, M.; Klowait, N.O. (2021). The Impact of Virtual Reality, Augmented Reality, and 

Interactive Whiteboards on the AttentionManagement in Secondary School STEM 

Teaching. In Proceedings of the 2021 7th International Conference of the Immersive 

Learning Research Network (iLRN), Eureka, CA, USA, 17 May–10 June 2021. 

 

Falah, J.; Khan, S.; Alfalah, T.; Alfalah, S.F.; Chan,W.; Harrison, D.K.; Charissis, V. (2014). 

Virtual Reality medical training system for anatomy education. In Proceedings of the 

2014 Science and Information Conference, London, UK, 27–29 August 2014. 

 

Fonseca, D.; Martí, N.; Redondo, E.; Navarro, I.; Sánchez, A. (2014). Relationship between 

student profile, tool use, participation, and academic performance with the use of 

Augmented Reality technology for visualized architecture models. Comput. Hum. 

Behav., 31, 434–445.  

 

Frank, J.A.; Kapila, V. (2017) Mixed-reality learning environments: Integrating mobile 

interfaces with laboratory test-beds. Comput. Educ. 110, 88–104. 

 

Georgiou, Y.; Tsivitanidou, O.; Ioannou, A. (2021). Learning experience design with 

immersive virtual reality in physics education. Educ. Tech. Res. Dev., 69, 3051–3080. 

 

Gross, R. (2022). Psychology: The science of mind and behaviour. Wayback Machine 6E, 

Hachette UK. 

 

Hamilton, E.R.; Rosenberg, J.M.; Akcaoglu, M. (2016). The substitution augmentation 

modification redefinition (SAMR) model: A critical review and suggestions for its 

use. TechTrends, 60, 433–441. 

 

Horne-Martin, S. (2002). The classroom environment and its effect on the practice of 

teachers. Journal of Environmental Psychology, 22(1-2), 139-156. 

 

Huang, H.-M.; Rauch, U.; Liaw, S.-S. (2010). Investigating learners‘ attitudes toward virtual 

reality learning environments: Based on a constructivist approach. Comput. Educ., 55, 

1171–1182. 

 

Hu-Au, E.; Okita, S. (2021). Exploring Differences in Student Learning and Behavior 

between Real-life and Virtual Reality Chemistry laboratory. Journal of Science 

Education and Technology, 30,862–876.  

 

Kaleci, D., Tepe, T. ve Tüzün, H. (2017). ÜçBoyutlu Sanal GerçeklikOrtamlarindaki 

DeneyimlereIlişkinKullaniciGörüşleri [User Views on Experiences in Three-Dimensional 

Virtual Reality Environments]. Turkey Social Studies Journal, 21(3), 669-689. 

 

Kalkan, N. (2020). Temel Teknik BeceriÖğretiminde Sanal 

GerçeklikTeknolojisininEtkililiğininİncelenmesi: Masa TenisiÖrneği [Investigation of 

the Effectiveness of Virtual Reality Technology in Basic Technical Skills Teaching: 

Table Tennis Example]. Unpublished Dotoral Thesis. Manisa Celal Bayar University. 

Health Sciences Institute. Manisa. 

https://link.springer.com/journal/10956
https://link.springer.com/journal/10956
https://link.springer.com/journal/10956


 

13 
 

 

Kavanagh, S.; Luxton-Reilly, A.; Wuensche, B.; Plimmer, B. (2017). A Systematic Review 

of Virtual Reality in Education. Themes Sci. Technol. Educ., 10, 85–119. 

 

Kesim, M.; Ozarslan, Y. (2012). Augmented Reality in Education: Current Technologies and 

the Potential for Education. Procedia-Soc. Behav. Sci., 47, 297–302. 

 

Kim, M. H. (2021). Effects of Collaborative Learning in a Virtual Environment on Students' 

Academic Achievement and Satisfaction. Journal of Digital Convergence, 19(4), 1-8.  

 

Klopfer, E.; Squire, K. (2007). Environmental Detectives—The development of an 

augmented reality platform for environmental simulations. Educ. Tech. Res. Dev., 56, 

203–228. 

 

Kuhail, M.A., ElSayary, A., Farooq, S., Alghamdi, A. (2022). Exploring immersive learning 

experience: A survey. Informatics, 9, 75. Doi: 

https://doi.org/10.3390/informatics9040075.Laboratories. J. Sci. Educ. Technol., 30, 

862–876.  

 

Lee, H.-G.; Chung, S.; Lee, W.-H. (2013). Presence in virtual golf simulators: The effects of 

presence on perceived enjoyment, perceived value, and behavioral intention. New 

Media Soc., 15, 930–946.  

 

Lee, J.; Surh, J.; Choi, W.; You, B. (2021). Immersive Virtual-Reality-Based Streaming 

Distance Education System for Solar Dynamics Observatory: A Case Study. Appl. 

Sci. 2021, 11, 8932. https://doi.org/10.3390/app11198932 

 

Li, C.; Ip, H.H.S. (2022). Defining virtual reality enabled learning. Int. J. Innov. Learn., 31, 

291–306. 

 

Lin, P.-H.; Huang, Y.-M.; Chen, C.-C. (2018). Exploring Imaginative Capability and 

Learning Motivation Difference Through Picture E-Book. IEEE Access., 6, 63416–

63425.  

 

Liu, R., Wang, L., Koszalka, T. A., & Wan, K. (2022). Effects of immersive virtual reality 

classrooms on students' academic achievement, motivation and cognitive load in 

science lessons. Journal of Computer Assisted Learning, 1–12. 

https://doi.org/10.1111/jcal.12688 

 

Luo, H.; Li, G.; Feng, Q.; Yang, Y.; Zuo, M. (2021). Virtual reality in K-12 and higher 

education: A systematic. J. Comput. Assist. Learn., 37, 887–901. 

 

Merchant, Z., Goetz, E. T., Cifuentes, L., Keeney-Kennicutt, W., & Davis, T. J. (2014). 

Effectiveness of virtual reality-based instruction on students‘ learning outcomes in K-

12 and higher education: A meta-analysis. Computers & Education, 70, 29–40.  

 

Milgram, P.; Kishino, F. A. (1994). Taxonomy of Mixed Reality Visual Displays. IEICE 

Trans. Inf. Syst., 12, 1321–1329. 

 

https://doi.org/10.3390/informatics9040075
https://doi.org/10.3390/app11198932
https://doi.org/10.1111/jcal.12688


 

14 
 

Nersesian, E.; Vinnikov, M.; Ross-Nersesian, J.; Spryszynski, A.; Lee, M.J. (2020). Middle 

School Students Learn Binary CountingUsing Virtual Reality. In Proceedings of the 

2020 IEEE Integrated STEM Education Conference (ISEC), Princeton, NJ, USA,1 

August 2020. 

 

Nordin, N.A.A.; Majid, N.A.A.; Zainal; Ainun, N.F. (2020). Mobile augmented reality using 

3D ruler in a robotic educational module to promote STEM learning. Bull. Electr. 

Eng. Inform., 9, 2499–2500. 

 

North, M. M., & North, S. M. (2016). A Comparative Study of Sense of Presence of 

Traditional Virtual Reality and Immersive Environments. Australasian Journal of 

Information Systems, 20. https://doi.org/10.3127/ajis.v20i0.1168  

 

OECD (2007). Understanding the brain: The birth of a learning science. OECD Publishing. 

 

Pellas, N.; Mystakidis, S.; Kazanidis, I. (2021). Immersive Virtual Reality in K-12 and 

Higher Education: A systematic review of the last decade scientific literature. Virtual 

Real., 25, 835–861.  

 

Puentedura, R.R. (2006). Transformation, Technology, and Education in the State of Maine. 

Available online: http://www.hippasus.com/rrpweblog/archives/2006_11.htm. 

 

Puentedura, R.R. (2013). Moving from Enhancement to Transformation. Available online: 

http://www.hippasus.com/rrpweblog/ archives/000095.html. 

 

Radianti, J.; Majchrzak, T.A.; Fromm, J.; Wohlgenannt, I. (2020). A systematic review of 

immersive virtual reality applications for higher education: Design elements, lessons 

learned, and research agenda.Comput. Educ., 147, 103778.  

 

Rossano, V.; Lanzilotti, R.; Cazzolla, A.; Roselli, T. (2020). Augmented Reality to Support 

Geometry Learning. IEEE Access, 8, 107772–107780. 

 

Sajjadi, P.; Bagher, M.M.; Cui, Z.; Myrick, J.G.; Swim, J.K.; White, T.S.; Klippel, A. (2020). 

Design of a Serious Game to Inform the Public About the Critical Zone. In 

Proceedings of the IEEE 8th International Conference on Serious Games and 

Applications for Health (SeGAH), Vancouver, BC, Canada, 12–14 August 2020. 

 

Sarkar, P.; Kadam, K.; Pillai, J.S. (2019). Collaborative Approaches to Problem-Solving on 

Lines and Angles Using Augmented Reality. In Proceedings of the 2019 IEEE Tenth 

International Conference on Technology for Education (T4E), Goa, India, 9–11 

December 2019. 

 

Schacter, D. L., Gilbert, D.T., & Wegner, D. M. (2011). Psychology. Worth Publishers. 

 

Slater, M. (2003). A note on presence terminology. Presence Connect, 3, 1–5. 

 

Speicher, M.; Hall, B.D.; Nebeling, M. (2019). What is Mixed Reality? In Proceedings of the 

2019 CHI Conference on Human Factors in Computing Systems (CHI ‗19), Glasgow, 

UK, 4–9 May 2019. 

 

http://www.hippasus.com/rrpweblog/


 

15 
 

Stigall, J.; Sharma, S. (2017). Virtual reality instructional modules for introductory 

programming courses. In Proceedings of the 2017 IEEE Integrated STEM Education 

Conference (ISEC), Princeton, NJ, USA, 1 March 2017. 

summary_r&cad=0#v=onepage&q&f=false 

 

Sviridova E, Yastrebova E, Bakirova G and Rebrina F (2023). Immersive technologies as an 

innovative tool to increase academic success and motivation in higher education.  

Front. Educ. 8:1192760. doi: 10.3389/feduc.2023.1192760 

 

Tepe, T. (2019). BaşaTakılanGörüntüleyicilerİçinGeliştirilmiş Sanal 

GerçeklikOrtamlarınınÖğrenmeveBuradalıkAlgısıÜzerineEtkilerininİncelenmesi 

[Investigating The Effects of Virtual Reality Environments Developed for Head-

Mounted Display on Learning and Presence]. (Unpublished Doctoral Thesis). 

Hacettepe University. Institute of Education Sciences. Ankara  

 

Theart, R.; Loos, B.; Niesler, T. (2017). Virtual reality assisted microscopy data visualization 

and colocalization analysis. BMC Bioinform., 18, 64. 

 

Tunjera, N., &Chigona, A. (2020). Teacher educator‘s appropriation of TPACK-SAMR 

models for 21
st
 century pre-service teacher preparation. International Journal of 

Information and Communication Technology in Education, 16(3), 126-140. 

 

Yildirim, B., Sahin-Topalcengiz, E., Arikan, G., & Timur, S. (2020). Using virtual reality in 

the classroom: Reflections of STEM teachers on the use of teaching and learning 

tools. Journal of Education in Science, Environment and Health (JESEH), 6(3), 231-

245. DOI:10.21891/jeseh.711779  

 

 

 

 

 

 

 

************ 


