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<ABSTRACT>

Realistic content is a type of content that stimulates human sensory organs and cognitive abilities to provide a realistic experience 

and emotion, including VR(Virtual Reality), AR(Augmented Reality), and 360 ° video. Realistic content is considered as one of the 

innovative educational media because it provides indirect but practical experience to the learner and can promote learning and increase 

the educational effect. Therefore, the Ministry of Education and KERIS are currently mounted in digital textbooks for widespread use 

at elementary and middle schools. The purpose of this study is to analyze the brain activation that occurs in middle school students 

using VR and AR, and to find out whether the realistic content can help the brain stimulation and development of students. Also, by 

presenting the same tasks in VR and AR, we want to find out which methods and tools are more useful for students' active thinking 

and learning. we measured NIRSIT (OBELAB, Seoul, Korea), a tool using the principle of f-NIRS, for middle school students in D 

metropolitan city. For the measurement task, AR and VR were used to observe and classify the finches' various living environments 

and their appearance. When using immersive content, the activation of BA(Brodmann Area)10, which is commonly involved in 

purpose-oriented thinking, was observed. In the case of using AR, activation of the region centered on BA11, which is involved in 

motivation and compensation, was additionally observed. Since VR was used in the form of a 360-degree image without wearing an 

HMD(Head Mounted Display), it would be difficult to give as much immersion as the surroundings are blocked. AR and VR can be 

used effectively as a resource for teaching and learning in future societies. Since the effects of brain activity and learning are 

different according to the type of contents, further research is required in the future.
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I. Introduction
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II. Research Method Using Functional 

Near-Infrared Spectroscopy (f-NIRS)

1. Participants

Participant Sex Age(month)

1 M 13(156)

2 M 13(159)

3 M 13(160)

4 M 13(165)

5 F 13(157)

6 F 13(161)

7 F 13(160)

8 F 13(160)

9 F 13(163)

10 F 13(166)

<Table 1> Characteristics of participants 

2. Measurement
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[Figure 1] Measurement procedure
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VR task of Finchbird AR task of Finchbird

 <Table 2> Realistic content used in experiment

[Figure 2] Measurement scene

. Analysis Method & ResultsⅢ

1. Analysis Procedure
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[Figure 3]  Analysis process using f-NIRS Data

2. Results

[Figure 4]  GLM data using Nirsit analysis v2.2
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Average of brain activity when using VR (Activation map)① 

OHb: red
dOHb: blue

Changes in brain activity when using VR (Comparison of OHb and dOHb)② 

Average of brain activity when using AR (Activation map)③ 

OHb: red
dOHb: blue

Changes in brain activity when using AR (Comparison of OHb and dOHb)④ 

[Figure 5] Activationmap and timeseries graph when using VR, AR
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. Conclusions and Educational Ⅳ

Implications



Brain, Digital, & Learning, 9(3)

- 165 -

References

Ahn. J. B.  (2017). A comparative study of frontal 

lobe cortex activation of pre- and post-treatment 

using speech production mechanism coordination: 

Case study by using fNIR. Journal of 

Speech-language & Hearing Disorders, 26(2), 

21-35. 

Bronack, S. C. (2011). The Role of Immersive Media 

in Online Education. The Journal of Continuing 

Higher Education, 59(2), 113-117. 

Jackson, S. A., & Marsh, H. W. (1996). Development 

and validation of a scale to measure optimal 

experience: the flow state scale. Journal of Sport 

& Experience Psychology, 18, 17-35.

Keller, J. M. (2010). Motivational design for learning 

and performance: the ARCS model approach. 

New York, NY: Springer.

Kim, J. W., Maeng, J. H., Joo, J. Y., & Im, K. H. 

(2010). Learning System for Scientific 

Experiments with Multi-touch Screen and 

Tangible User Interface. Journal of the Korea 

Contents Association, 10(8), 461-471.

Kim, W.-K. & Kim E.-J. (2012). Validation of the 

flow state scale for regular leisure activity 

undergraduate students. The Korean Journal of 

Physical Education, 51(3), 295-303.

Kwon, S. H., Lee, Y. J., Choi, S. Y., & Kwon, Y. J. 

(2018). Analysis of components affecting learners 

in utilization of life science VR contents. 

Journal of Learner-Centered Curriculum and 

Instruction, 18(6), 585-605.

Kwon, Y. J., Lee, J., Shin, D., & Jeong, J. (2009). 

Changes in brain activation induced by the 

training of hypothesis generation skills: An fMRI 

Study. Brain & Cognition, 69, 391-397.

Lee. T. J. (2003). Effect of flow experience on career 

attitude maturity and career decision efficacy. 

Unpublished Doctorial Dissertation, Hongik 

University, Seoul, Korea.

Malley, C. O., & Fraser, C. (2004). Literature Review 

in Learning with Tangible Technologies, 

Technical report, NESTA Futurelab. 

Marley, J. (2011). The Amazing World of Psychiatry: 

A Psychiatry Blog: Brodmann Area 10

O’Doherty, J., Kringelbach, M. L., Rolls, E. T., 

Hornak, J., & Andrews, C. (2001). Abstract 

reward and punishment representations in the 

human orbitofrontal cortex, Nature Neuroscience, 

4(1), 95-102. 

Park, S.-H., Park, J.-S., Hwang, N.-R., Kwon, S.-H., 



Park, Park, Hwang, Kwon & Kwon

- 166 -

& Kwon, Y.-J. (2019). Exploring the application 

of f-NIRS in science education research. Brain, 

Digital, & Learning, 9(3), 213-231.

Pfeifer, J. H., Masten, C. L.,  Borofsky, L. A.,  

Dapretto, M., Fuligni, A. J., & Lieberman, M. 

D. (2009). Neural Correlates of Direct and 

Reflected Self-Appraisals in Adolescents and 

Adults: When Social Perspective-Taking Informs 

Self-Perception. Child Development, 80(4), 1016–

1038.

Sim, Y. S. (2019). Technology Trends of Realistic 

Contents and Application to Educational 

Contents. The Journal of the Convergence on 

Culture Technology, 5(4), 315-320.

Soltanlou, M., Sitnikova, M. A., Nuerk, H., & 

Dresler, T. (2018). Applications of Functional 

Near-Infrared Spectroscopy (fNIRS) in Studying 

Cognitive Development: The Case of 

Mathematics and Language. Frontiers in 

Psychology, 9, 1-15. 

Tremblay, L., & Schultz, W. (1999). Relative reward 

preference in primate orbitofrontal cortex, Nature, 

398(6729), 704-708. 

저자의 소속과 직위[ ]

박상희 대전관평초등학교 교사 제 저자: , , 1

박진선 한국교원대학교 과학영재전공 석사과정: , 

황나래 한국교원대학교 생물교육전공 석사과정: , 

권승혁 한국교원대학교 강사: , 

권용주 한국교원대학교 교수 교신저자: , , 


