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In recent years, virtual reality (VR) has become a widely used tool with a plethora
of applications in neuroscience. In particular, VR has the potential to greatly enhance
spatial memory in a wide range of applications. For example, it can be used to simulate
real-world environments, becoming particularly valuable in training individuals with
navigation difficulties—such as those with neurodegenerative disorders, acquired brain
damage, neurodevelopmental disorders (i.e., developmental topographical disorientation),
or psychological diseases, such as spatial anxiety, agoraphobia or visual impairments—
helping them navigate their surroundings with greater confidence (e.g., [1,2]). Additionally,
studies have shown that VR can recreate complex spatial layouts, allowing users to practice
their wayfinding skills and improve their spatial memory (e.g., [3,4]). VR is also used to
enhance spatial memory and learning in educational settings. Subjects like geography,
history, and anatomy benefit from a VR experience that transports students to different
locations and periods, facilitating the retention of spatial information (e.g., [5,6]).

Furthermore, VR allows for interactive learning experiences, where students can
manipulate and explore spatially complex concepts, leading to deeper understanding and
improved spatial memory. Being an engaging device that strengthens spatial memory and
mental mapping abilities through gaming, VR also represents an invaluable tool for children
with specific learning disabilities [7–9]. Overall, the utilization of VR in enhancing spatial
memory has extensive benefits across various fields, including healthcare, architecture,
education, and entertainment. By immersing users in realistic virtual environments, VR
improves spatial memory and cognitive skills, ultimately enhancing the user’s ability to
navigate, learn, and interact with the world around them. This Special Issue is devoted
to gathering studies on VR and spatial memory. It includes eight contributions covering
the application of VR for both children and adults. Six studies investigate which factors
affect spatial navigation in VR: two investigate these factors during developmental ages
(i.e., [10,11]), and the other four focus on young adults (i.e., [12–15]). One study reviews the
applications of radial arm maze in both virtual and real versions (i.e., [16]), and the study
by Zucchelli et al. [17] shows how VR can be a proper differential diagnosis tool for mild
agoraphobia disorders. The latter study highlights, through the use of VR, the presence of
deficits in visuospatial working memory and navigation in people with agoraphobic-type
anxiety disorders.

More specifically, the first contribution by Bocchi and co-workers [12] investigated
individual factors like gender and familiarity and their effect on environmental represen-
tation acquired during spatial virtual navigation (Almeria Boxes Tasks). These authors
found a difference between the sexes, with men seeming to prefer relying on map-like
survey representations, while women prefer using sequential route representations. They
also found that the weight of familiarity with the environment favors a complete mental
environmental representation. This last finding was in line with evidence that familiarity
can mitigate gender differences in spatial tasks, especially in more complex ones. By using
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the same virtual environment with different spatial memory tasks resulting in different cog-
nitive demands (Almeria boxes tasks), Tascón and co-workers [13] investigated how men
and women perform and concluded that familiarity with the spatial context determined sex
differences, the difficulty level of the task, the active or passive role of the participant, and
the amount of visual information provided in each screenshot. Also, in this contribution,
the uniqueness of VR emerges, allowing for minimal variations of the same environment,
enabling a high degree of experimental control and, consequently, conclusions free of
disturbing variables. Meneghetti and Pazzaglia [14] also utilized a virtual environment to
explore the factors that enhance spatial learning. They examined the advantages of viewing
a map before navigation, reading verbal descriptions of the environment, and navigating
without any prior information. Their findings indicated that viewing a map beforehand
improved learning accuracy. Additionally, recall performance was partially influenced by
individual visuospatial and verbal abilities.

van Dunn and colleagues [10] focused instead on other factors that might affect
performance in a virtual environment. Mainly, they investigated the gaming experience in
children 9 to 11 years of age, taking into account that girls generally play video games less
than boys and that this factor could have a bearing in determining the gender differences in
adulthood that also emerge in the two studies mentioned above ([12,13]). The experience of
being a video gamer could result in the person acquiring familiarity with the environment
more quickly, thus requiring less repetition or shorter exposure to the environment. Van
Dunn et al. [10] found that boys navigated faster than girls, and this difference increased
with age. Ultimately, boys having more gaming experience than girls did not explain any
of the observed results. This seems to contrast with the literature, which has established
a reasonably robust correlation between practice with videogames and enhancement of
visuospatial skills and spatial navigation (e.g., [18–20]). However, Milani et al. [21] clarified
that the positive effects on spatial competencies are related to the type of visuospatial skill
measured. It is also possible that this effect could be age-related, explaining why von Dun
et al. [10] did not find differences between girls and boys despite boys playing more video
games than girls.

Staying in the developmental field, van Hoogmoed et al. [11] conducted a study on
the development of landmark-based navigation in children 5 to 10 years of age. Using a
non-immersive virtual environment, they investigated the developmental trajectories of
egocentric and allocentric perspectives. They found that allocentric navigation started to
develop between 5 and 8 years of age and was related to sex, with boys outperforming
girls. Both boys and girls relied more on directional than positional landmark information.

Continuing to focus on factors that can influence performance in a virtual environment,
Miola et al. [15] conducted a study on young adults to explore the impact of self-efficacy on
learning in a virtual environment. They divided the sample into two groups—one receiving
positive feedback and the other neutral feedback. The study found that receiving positive
feedback after completing a visuospatial task improves environmental recall. Additionally,
the results suggest that task-specific self-efficacy is crucial in sustaining environmental
learning among individuals.

Also seeking to compare virtual and natural settings, Palombi et al. [16] write a review
highlighting how the radial arm maze (RAM) is a paradigm used to study spatial abilities
in real and virtual environments. In recent years, the use of VR-RAM has increased, also as
a neuro-rehabilitation tool. Undoubtedly, new research is needed to better understand the
role these tools can play in assessing and rehabilitating patients, something that has gained
in importance in the pandemic era when alternative and remote methods have increasingly
been sought.

In contrast, the contribution by Zucchelli, Piccardi, and Nori [17] concerns the use of
VR in treating the anxiety disorder agoraphobia, highlighting valuable findings for the
differential diagnosis of the disorder even in its mild form. These authors used a virtual
environment to study spatial memory in individuals with agoraphobia. They found that
these individuals, although not suffering from a severe and disabling form of agoraphobia,
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had a diminished visuospatial working memory and that, as the number of individuals in
the virtual environment increased, they became less able to make egocentric and allocentric
judgments of the environment. The impairment of visuospatial working memory would
appear to mediate spatial orientation in such individuals. Due to the challenges faced by
those suffering with agoraphobia in using public transportation, being in enclosed or open
spaces, or being in crowded areas [22], conducting a study in a real-life setting would have
been impossible. However, VR provides a way for clinicians to assess and treat people with
this disorder, who may otherwise struggle with being in public spaces or going outside in
general. VR is an excellent tool for clinicians to help those with agoraphobia manage their
anxiety and enhance their overall quality of life with the proper support and treatment.

Author Contributions: Conceptualization, J.M.C., R.N. and L.P.; Writing—original draft preparation,
L.P.; writing—review and editing, J.M.C., R.N. and L.P. All authors have read and agreed to the
published version of the manuscript.

Acknowledgments: We are deeply grateful to all of these authors for their valuable work and to the
journal for hosting this Special Issue. We all hope this Special Issue will be a crucial resource for
readers, inspiring new ideas and discoveries.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cogné, M.; Taillade, M.; N’kaoua, B.; Tarruella, A.; Klinger, E.; Larrue, F.; Sauzéon, H.; Joseph, P.-A.; Sorita, E. The contribution

of virtual reality to the diagnosis of spatial navigation disorders and to the study of the role of navigational aids: A systematic
literature review. Ann. Phys. Rehabil. Med. 2017, 60, 164–176. [CrossRef] [PubMed]

2. Riva, G.; Serino, S. Virtual Reality in the Assessment, Understanding and Treatment of Mental Health Disorders. J. Clin. Med.
2020, 9, 3434. [CrossRef] [PubMed]

3. Montana, J.I.; Tuena, C.; Serino, S.; Cipresso, P.; Riva, G. Neurorehabilitation of Spatial Memory Using Virtual Environments: A
Systematic Review. J. Clin. Med. 2019, 8, 1516. [CrossRef] [PubMed]

4. Reggente, N.; Essoe, J.K.Y.; Baek, H.Y.; Rissman, J. The Method of Loci in Virtual Reality: Explicit Binding of Objects to Spatial
Contexts Enhances Subsequent Memory Recall. J. Cogn. Enhanc. 2020, 4, 12–30. [CrossRef]

5. Volioti, C.; Keramopoulos, E.; Sapounidis, T.; Melisidis, K.; Kazlaris, G.C.; Rizikianos, G.; Kitras, C. Augmented Reality
Applications for Learning Geography in Primary Education. Appl. Syst. Innov. 2022, 5, 111. [CrossRef]

6. Curcio, I.D.; Dipace, A.; Norlund, A. Virtual realities and education. Res. Educ. Media 2017, 8, 60–68. [CrossRef]
7. Turan, Z.; Atila, G. Augmented reality technology in science education for students with specific learning difficulties: Its effect on

students’ learning and views. Res. Sci. Technol. Educ. 2021, 39, 506–524. [CrossRef]
8. Kellems, R.O.; Eichelberger, C.; Cacciatore, G.; Jensen, M.; Frazier, B.; Simons, K.; Zaru, M. Using Video-Based Instruction via

Augmented Reality to Teach Mathematics to Middle School Students With Learning Disabilities. J. Learn. Disabil. 2020, 53,
277–291. [CrossRef]

9. Weiss, P.L.; Bialik, P.; Kizony, R. Virtual Reality Provides Leisure Time Opportunities for Young Adults with Physical and
Intellectual Disabilities. CyberPsychology Behav. 2003, 6, 335–342. [CrossRef]

10. van Dun, C.; van Kraaij, A.; Wegman, J.; Kuipers, J.; Aarts, E.; Janzen, G. Sex Differences and the Role of Gaming Experience in
Spatial Cognition Performance in Primary School Children: An Exploratory Study. Brain Sci. 2021, 11, 886. [CrossRef]

11. van Hoogmoed, A.H.; Wegman, J.; van den Brink, D.; Janzen, G. Development of Landmark Use for Navigation in Children:
Effects of Age, Sex, Working Memory and Landmark Type. Brain Sci. 2022, 12, 776. [CrossRef] [PubMed]

12. Bocchi, A.; Palmiero, M.; Redondo, J.M.C.; Tascón, L.; Nori, R.; Piccardi, L. The Role of Gender and Familiarity in a Modified
Version of the Almeria Boxes Room Spatial Task. Brain Sci. 2021, 11, 681. [CrossRef] [PubMed]

13. Tascón, L.; Di Cicco, C.; Piccardi, L.; Palmiero, M.; Bocchi, A.; Cimadevilla, J.M. Sex Differences in Spatial Memory: Comparison
of Three Tasks Using the Same Virtual Context. Brain Sci. 2021, 11, 757. [CrossRef] [PubMed]

14. Meneghetti, C.; Pazzaglia, F. Navigating in Virtual Environments: Does a Map or a Map-Based Description Presented Beforehand
Help? Brain Sci. 2021, 11, 773. [CrossRef] [PubMed]

15. Miola, L.; Muffato, V.; Meneghetti, C.; Pazzaglia, F. Spatial Learning in a Virtual Environment: The Role of Self-Efficacy Feedback
and Individual Visuospatial Factors. Brain Sci. 2021, 11, 1185. [CrossRef]

16. Palombi, T.; Mandolesi, L.; Alivernini, F.; Chirico, A.; Lucidi, F. Application of Real and Virtual Radial Arm Maze Task in Human.
Brain Sci. 2022, 12, 468. [CrossRef]

17. Zucchelli, M.M.; Piccardi, L.; Nori, R. The Fear to Move in a Crowded Environment. Poor Spatial Memory Related to Agoraphobic
Disorder. Brain Sci. 2021, 11, 796. [CrossRef]

18. Ferguson, C.J. The Good, The Bad and the Ugly: A Meta-analytic Review of Positive and Negative Effects of Violent Video Games.
Psychiatr. Q. 2007, 78, 309–316. [CrossRef]

https://doi.org/10.1016/j.rehab.2015.12.004
https://www.ncbi.nlm.nih.gov/pubmed/27017533
https://doi.org/10.3390/jcm9113434
https://www.ncbi.nlm.nih.gov/pubmed/33114623
https://doi.org/10.3390/jcm8101516
https://www.ncbi.nlm.nih.gov/pubmed/31547137
https://doi.org/10.1007/s41465-019-00141-8
https://doi.org/10.3390/asi5060111
https://doi.org/10.1515/rem-2016-0019
https://doi.org/10.1080/02635143.2021.1901682
https://doi.org/10.1177/0022219420906452
https://doi.org/10.1089/109493103322011650
https://doi.org/10.3390/brainsci11070886
https://doi.org/10.3390/brainsci12060776
https://www.ncbi.nlm.nih.gov/pubmed/35741661
https://doi.org/10.3390/brainsci11060681
https://www.ncbi.nlm.nih.gov/pubmed/34067401
https://doi.org/10.3390/brainsci11060757
https://www.ncbi.nlm.nih.gov/pubmed/34200351
https://doi.org/10.3390/brainsci11060773
https://www.ncbi.nlm.nih.gov/pubmed/34200894
https://doi.org/10.3390/brainsci11091185
https://doi.org/10.3390/brainsci12040468
https://doi.org/10.3390/brainsci11060796
https://doi.org/10.1007/s11126-007-9056-9


Brain Sci. 2023, 13, 1621 4 of 4

19. Lu, T.; Tang, M.; Guo, Y.; Zhou, C.; Zhao, Q.; You, X. Effect of video game experience on the simulated flight task: The role of
attention and spatial orientation. Aust. J. Psychol. 2022, 74, 1–18. [CrossRef]

20. McLaren-Gradinaru, M.; Burles, F.; Protzner, A.B.; Iaria, G. The cognitive effects of playing video games with a navigational
component. Telemat. Inform. Rep. 2023, 9, 100043. [CrossRef]

21. Milani, L.; Grumi, S.; Di Blasio, P. Positive Effects of Videogame Use on Visuospatial Competencies: The Impact of Visualization
Style in Preadolescents and Adolescents. Front. Psychol. 2019, 10, 1226. [CrossRef] [PubMed]

22. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Publishing:
Arlington, VA, USA, 2013.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1080/00049530.2021.2007736
https://doi.org/10.1016/j.teler.2023.100043
https://doi.org/10.3389/fpsyg.2019.01226
https://www.ncbi.nlm.nih.gov/pubmed/31231275

	References

