
VOLUME 22      2023 

The Institute of Smart Big Data Analytics • New York City



The Institute of Smart Big Data Analytics • New York City 
  

 

 

  

Linguistic and 
Philosophical 
Investigations 

 

VOLUME 22 • 2023 

 

 

 

 

 

 

 

 

 

 

 

 
ADDLETON ACADEMIC PUBLISHERS • NEW YORK 



 Linguistic and Philosophical Investigations 
 An international peer-reviewed academic journal 
 Volume 22 / 2023 
 © 2023 by the Institute of Smart Big Data Analytics, New York City 

 
 

Linguistic and Philosophical Investigations publishes mainly original empirical 
research and review articles focusing on hot emerging topics, e.g. computational 
linguistics, natural language processing, immersive multisensory virtual spaces, 
neuroethics, interactional sociolinguistics, supervised machine learning, data-driven 
decision-making, algorithmic sociality, etc. This journal considers only manuscripts 
having a high integrative value in the current Scopus- and Web of Science-indexed 
literature (i.e., citing preponderantly Q1 and Q2 sources published in the past two 
years). 

 
14 days avg. from submission to first decision 
60 days avg. from submission to first post-review decision 
7 days avg. from acceptance to online publication 

 
Linguistic and Philosophical Investigations (ISSN 1841-2394, eISSN 2471-0881) is 
published yearly by Addleton Academic Publishers, 30-18 50th Street, Woodside, 
New York, 11377. All papers in this journal have undergone editorial screening and 
anonymous double-blind peer-review.  

 
Editor: Marek Tesar, The University of Auckland, New Zealand 
Associate Editor: Adam M. Croom, University of Pennsylvania, USA 
Editor-in-Chief: Cynthia Neal, The Institute of Smart Big Data Analytics, New York, USA, 
neal@addletonacademicpublishers.com 

 
Addleton Academic Publishers is an imprint of RIOTS, New York.  
 

Please direct subscriptions, contributions, back-issue requests, and address changes 
to editors@addletonacademicpublishers.com 
 

Produced in the United States of America  
 

INDEXING AND ABSTRACTING  
Linguistic and Philosophical Investigations is indexed and/or abstracted in: CEEOL, 
Cengage Learning/Gale, CNKI Scholar, Communication & Mass Media Complete, 
Crossref, DeepDyve, Dimensions/Digital Science, EBSCOhost, EBSCO Discovery 
Service, ERIH PLUS, Hinari, ProQuest, Scopus, SHERPA/RoMEO, The Philosopher’s 
Index, The Philosophy Documentation Center, and Ulrich’s Periodicals Directory. 

mailto:neal@addletonacademicpublishers.com
mailto:editors@addletonacademicpublishers.com


EDITORIAL ADVISORY BOARD 
Keith Ansell-Pearson University of Warwick, England 
José María Ariso  International University of La Rioja, Spain 
Francisco J. Ayala University of California, USA 
Mohammad Azadpur San Francisco State University, USA 
Jody Azzouni Tufts University, USA 
Stephen Barker University of Nottingham, England 
Avner Baz Tufts University, USA 
Michael Beaney University of York, England 
Ermanno Bencivenga University of California, USA 
John Biro University of Florida, USA 
Giacomo Borbone University of Catania, Italy 
Nick Bostrom University of Oxford, England 
Robert G. Brice III Michigan State University, USA 
David Campbell University of Glasgow, Scotland 
D. E. Cooper University of Durham, England 
Eros Corazza Carleton University, Canada 
Adam M. Croom University of Pennsylvania, USA 
Daniel Dahlstrom Boston University, USA 
Mario De Caro Roma Tre University, Italy 
Michele Di Francesco Universita Vita Milano, Italy 
Juliet Floyd Boston University, USA 
Mitchell Green University of Virginia, USA 
Marian Grupac University of Zilina, Slovak Republic 
Daniel Hutto University of Hertfordshire, England 
Dale Jacquette Pennsylvania State University, USA 
Richard Kearney Boston College, USA 
Gary Kemp University of Glasgow, Scotland 
Heikki J. Koskinen University of Helsinki, Finland 
Cristina Lafont Northwestern University, USA 
Henry Laycock Queen’s University, Canada 
Bernard Linsky University of Alberta, Canada 
Tibor R. Machan Chapman University, USA 
John Marenbon University of Cambridge, England 
John McDowell University of Pittsburgh, USA 
John H. McDowell Indiana University, USA 
Mary Kate McGowan Wellesley College, USA 
Scott Meikle University of Glasgow, Scotland 
Inmaculada de Melo-Martin St. Mary’s University, England 
Adele Mercier Queen’s University, Canada 
Alex Miller Macquarie University, Australia 
Stephen Mumford University of Nottingham, England 
Jacob Needleman San Francisco State University, USA 
Alan Nelson University of California, USA 



Paul Noordhof University of Nottingham, England 
Walter Ott Virginia Polytechnic Institute and State University, USA 
Derek Parfit University of Oxford, England 
Aurel Pera University of Craiova, Romania 
Michael A. Peters University of Illinois at Urbana-Champaign, USA 
Stefano Predelli University of Nottingham, England 
Joseph Raz Columbia University, USA 
Nicholas Rescher University of Pittsburgh, USA 
Sharon Rider Uppsala University, Sweden 
Peter Roberts University of Canterbury, New Zealand 
Gonzalo Rodriguez-Pereyra University of Oxford, England 
Stanley Rosen Boston University, USA 
Klas Roth Stockholm University, Sweden 
Horst Ruthrof Murdoch University, Australia 
Kenneth Seeskin Northwestern University, USA 
Sanford Shieh Wesleyan University, USA 
Hartley Slater University of Western Australia, Australia 
Antonia Soulez University of Paris 8, France 
David Stern University of Iowa, USA 
Graham Stevens University of Manchester, England 
Susan Stuart University of Glasgow, Scotland 
Richard Swinburne University of Oxford, England 
Charles Travis Northwestern University, USA 
Nicholas White University of California, USA 
Rob Wilson University of Alberta, Canada 
 
 

 

 

 

 

 

 

 

 



SUBMISSION INSTRUCTIONS FOR AUTHORS 
 

Addleton journals consider all manuscripts on the condition that (i) the manuscript 
is your own original work, and does not duplicate any other previously published 
work, including your own previously published work, and (ii) the manuscript has 
been submitted only to our journal; it is not under consideration or peer review or 
accepted for publication or in press or published elsewhere. Please note that we 
use an anti-plagiarism software to screen manuscripts for unoriginal material. There 
are no submission or publication fees. Copyright will be retained by authors. As an 
author, you will receive free access to your article and to the journal’s archive.  
 

• All submissions should be sent to editors@addletonacademicpublishers.com and 
to the editor-in-chief’s email address. • Manuscripts may be submitted in any 
standard editable format. These files will be automatically converted into a PDF file 
for the review process.  
 

Peer review policy  
https://www.addletonacademicpublishers.com/images/Peer_Review_Policy.pdf  
Publication ethics and publication malpractice statement 
https://www.addletonacademicpublishers.com/images/Publications_Ethics_and_Malpractice_Statement.pdf  
Long-term archiving policy  
https://www.addletonacademicpublishers.com/images/Long-term_archiving_policy.pdf 
 
 

Manuscript preparation 

• Manuscripts are accepted in English. Any consistent spelling and punctuation 
styles may be used. Please use double quotation marks, except where “a quotation 
is ‘within’ a quotation.” Long quotations of 40 words or more should be indented 
with quotation marks. • A typical manuscript will not exceed 8000 words including 
tables, references, captions, footnotes and endnotes. Manuscripts that greatly 
exceed this will be critically reviewed with respect to length. • Manuscripts should 
be compiled in the following order: title page; abstract; keywords; main text; 
acknowledgements; references; appendices (as appropriate). • Abstracts of 200 
words are required for all manuscripts submitted. • Each manuscript should have 6 
keywords. • Section headings should be concise. • All authors of a manuscript 
should include their full names, affiliations, postal addresses, telephone numbers 
and email addresses on the cover page of the manuscript. One author should be 
identified as the corresponding author. Please give the affiliation where the re- 
search was conducted. Please supply a short biographical note for each author, and 
all details required by any funding and grant-awarding bodies as an Acknowledge- 
ment on the title page of the manuscript, in a separate paragraph. • Authors must 
also incorporate a Disclosure Statement which will acknowledge any financial 
interest or benefit they have arising from the direct applications of their research. • 
For all manuscripts non-discriminatory language is mandatory. Sexist or racist 
terms must not be used. 
 

Style guidelines: See the sample paper on the journal’s webpage. 

mailto:editors@addletonacademicpublishers.com
http://journalauthors.tandf.co.uk/preparation/writing.asp
http://journalauthors.tandf.co.uk/preparation/writing.asp
http://journalauthors.tandf.co.uk/permissions/reusingOwnWork.asp#link3


Contents 

Geospatial Big Data Management and Computer Vision Algorithms, 
Remote Sensing and Image Recognition Technologies,  
and Event Modeling and Forecasting Tools  
in the Virtual Economy of the Metaverse [9] 
Elvira Nica and Jozef Vahancik

Haptic and Biometric Sensor Technologies,  
Spatial Data Mining and Simulation Modeling Algorithms, 
and Virtual Navigation and Decision Intelligence Tools  
across Web3-powered Metaverse Worlds [26] 
Charles Goodman 

Immersive Extended Reality and Remote  
Sensing Technologies, Simulation Modeling and  
Spatial Data Acquisition Tools, and Cooperative Decision and  
Control Algorithms in a Real-Time Interoperable Decentralized Metaverse [43] 
Katarina Zvarikova, Michal Trnka, and George Lăzăroiu 

Remote Big Data Management and Visual Imagery Tools,  
Multisensor Fusion and Dynamic Routing Technologies,  
and 3D Space Mapping and Object Recognition Algorithms 
on Blockchain-based Metaverse Platforms [60] 
Barbara Woodward 

Remote Sensing Data Fusion Techniques,  
Multimodal Behavioral Predictive and  
Mobile Location Analytics, and Spatial Cognition  
and Context Awareness Algorithms in the Metaverse Economy [77] 
Jakub Horak, Liton Chandra Voumik, and Gheorghe H. Popescu

Extended Reality-based Metaverse Technologies,  
Predictive Geospatial Modeling and Simulation Tools,  
and Image Processing Computational and Visual Cognitive Algorithms 
in Immersive Multisensory Virtual Spaces [94] 
Sofia Bratu 



Tracking and Spatial Computing Technologies,  
Virtual Navigation and Ambient Scene Detection Tools, 
and Motion Planning and Remote Sensing Algorithms  
in the Metaverse [111] 
Susan Aldridge 

Acoustic Environment Recognition and Visual Tracking Algorithms, 
Deep Learning-based Ambient Sound Processing Tools, and  
Geospatial Mapping and Remote Sensing Technologies  
in a Real-Time Interoperable Decentralized Metaverse [128] 
Jiri Kucera and Aurel Pera 

Predictive Modeling and Visual Perception Algorithms, 
Ambient Sound Recognition and Processing Tools, and  
Deep Neural Network and Vision Sensing Technologies 
in the Decentralized and Interconnected Metaverse [145] 
Elizabeth Clayton 

Movement and Behavior Tracking Tools,  
Spatial Computing and Visual Perception Algorithms,  
and Deep Learning-based Sensing and Digital Twin Technologies 
in the Virtual Economy of the Metaverse [162] 
Juraj Cug, Lubomir Palcak, and Adrian Ducu Matei 

Digital Twin and Metaverse Technologies, Cognitive Mapping  
and Navigation Tools, and Image Processing Computational and  
Object Tracking Algorithms in Immersive 3D Virtual Reality Environments [179] 
Kathleen Porter 

Immersive Engagement and Geospatial Mapping Technologies,  
Deep Learning and Neural Network Algorithms, and Visual Perception 
and Data Mining Tools in Metaverse Interactive and  
Extended Reality Environments [196] 
Marian Grupac, Stefan Machcinik, and Andreea-Elena Negoianu

Visual Perception and Environment Mapping Algorithms,  
Spatial Computing and Immersive 3D Technologies, and  
Movement and Behavior Tracking Tools in the Metaverse [213] 
Elizabeth Blackburn 



Interactive 3D Geo-Visualization Systems, Deep Learning-based  
Image Classification Algorithms, and Virtual Navigation and  
Simulation Modeling Tools across Web3-powered Metaverse Worlds [230] 
Karen Griffin 

Deep Learning-Based Object Detection and Holographic Virtual  
Imaging Technologies, Mobile Biometric and Sentiment Data,  
and Digital Twin Simulation and Modeling Tools in the Metaverse Economy [247] 
Katarina Frajtova Michalikova, Roman Ondrejka, and Evelyn Johnson 

Digital Twin and Metaverse Technologies, Geospatial Simulation  
and Sensor Fusion Tools, and Object Perception and Motion Control 
Algorithms in Immersive Hyper-Connected Virtual Spaces [264] 
Susan Wallace 



 9 

Linguistic and Philosophical Investigations  
22, 2023, pp. 9–25, ISSN 1841-2394, eISSN 2471-0881 

Geospatial Big Data Management and Computer Vision 
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Technologies, and Event Modeling and Forecasting Tools 
in the Virtual Economy of the Metaverse 

Elvira Nica
1 
and Jozef Vahancik

2

ABSTRACT. The objective of this paper is to systematically review immersive 

visualization and cognitive computing systems in a fully connected metaverse. 

The findings and analyses highlight that blockchain and geospatial mapping tech- 
nologies, deep learning and predictive maintenance algorithms, and simulation 

modeling and automated speech recognition tools are instrumental in immersive 

virtual worlds. Throughout February 2023, a quantitative literature review of the Web 

of Science, Scopus, and ProQuest databases was performed, with search terms in- 

cluding “the virtual economy of the metaverse” + “geospatial big data management 

and computer vision algorithms,” “remote sensing and image recognition technol- 

ogies,” and “event modeling and forecasting tools.” As research published between 

2022 and 2023 was inspected, only 188 articles satisfied the eligibility criteria. By 

taking out controversial or ambiguous findings (insufficient/irrelevant data), outcomes 

unsubstantiated by replication, too general material, or studies with nearly identical 

titles, we selected 35 mainly empirical sources. Data visualization tools: Dimensions 

(bibliometric mapping) and VOSviewer (layout algorithms). Reporting quality 
assessment tool: PRISMA. Methodological quality assessment tools include:  

AMSTAR, Dedoose, Distiller SR, and SRDR. 

Keywords: geospatial big data management; computer vision algorithms; remote 

sensing and image recognition technologies; event modeling and forecasting tools; 

metaverse 
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1. Introduction

Immersive virtual reality experiences can be achieved through Internet of  

Things sensing infrastructures, 3D modeling and operational modeling tools, 

and eye-tracking and spatial computing technologies across interconnected 

digital realms. The purpose of our systematic review is to examine the recently 
published literature on the virtual economy of the metaverse and integrate 

the insights it configures on geospatial big data management and computer 

vision algorithms, remote sensing and image recognition technologies  
(Andronie et al., 2021; Kliestik et al., 2020; Novak et al., 2022; Popescu et 

al., 2020), and event modeling and forecasting tools. By analyzing the most 

recent (2022–2023) and significant (Web of Science, Scopus, and ProQuest) 
sources, our paper has attempted to prove that interconnected sensor networks, 

data fusion and edge computing technologies, and deep and machine learning 

algorithms further 3D immersive content and digital environments. The ac- 

tuality and novelty of this study are articulated by addressing interactive 
digital worlds and the blockchain-based metaverse, that is an emerging topic 

involving much interest. Our research problem is whether synthetic reality 

spaces develop on situational awareness and object perception algorithms, 
spatial computing and image recognition technologies (Andronie et al., 

2023a; Lewkowich, 2022; Pop et al., 2023; Vătămănescu et al., 2022), and 

artificial intelligence-powered search capabilities.  
     In this review, prior findings have been cumulated indicating that immer- 

sive interconnected virtual worlds necessitate 3D object recognition and spatial 

computing technologies (Andronie et al., 2023b; Nagy et al., 2023; Popescu 

et al., 2017a), contextual data monitoring and deep learning-based ambient 
sound processing tools, and computer vision and geolocation data processing 

algorithms. The identified gaps advance real-time predictive and mobile location 

analytics (Balcerzak et al., 2022; Nica et al., 2022; Popescu et al., 2017b), 
spatial awareness and tracking tools, and smart sensor devices. Our main 

objective is to indicate that blockchain and geospatial mapping technologies, 

deep learning and predictive maintenance algorithms, and simulation model- 

ing and automated speech recognition tools are instrumental in immersive 
virtual worlds. This systematic review contributes to the literature on block- 

chain-based metaverse platforms and intelligent simulation environments by 

clarifying that multi-machine cooperation and data visualization tools, ambient 
sound recognition software, and computer vision and remote sensing algo- 

rithms (Barbu et al., 2021; Nica et al., 2023; Popescu, 2018) articulate 3D im- 

mersive content and captured image data in a blockchain-based virtual world.  

2. Theoretical Overview of the Main Concepts

Immersive hyper-connected virtual spaces develop on sensory data and text 

mining techniques, deep learning and computer vision algorithms, and digital 
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twin and data analytics technologies. The manuscript is organized as follow- 

ing: theoretical overview (section 2), methodology (section 3), 3D virtual 
space networking and natural language processing tools, machine vision and 

situational awareness algorithms, and monitoring and sensing technologies in 

a fully connected metaverse (section 4), spatial computing and image recog- 
nition technologies, visual perception and 3D generative modeling tools, and 

deep learning and context awareness algorithms in the metaverse interactive 

environment (section 5), image processing computational and predictive 

modeling algorithms, multi-machine cooperation and data visualization tools, 
and ambient sound recognition software on blockchain-based metaverse 

platforms (section 6), discussion (section 7), synopsis of the main research 

outcomes (section 8), conclusions (section 9), limitations, implications, and 
further directions of research (section 10). 

3. Methodology

Throughout February 2023, a quantitative literature review of the Web of  
Science, Scopus, and ProQuest databases was performed, with search terms 

including “the virtual economy of the metaverse” + “geospatial big data  

management and computer vision algorithms,” “remote sensing and image 

recognition technologies,” and “event modeling and forecasting tools.” As 
research published between 2022 and 2023 was inspected, only 188 articles 

satisfied the eligibility criteria. By taking out controversial or ambiguous 

findings (insufficient/irrelevant data), outcomes unsubstantiated by replication, 
too general material, or studies with nearly identical titles, we selected 35 

mainly empirical sources (Tables 1 and 2). Data visualization tools: Dimen- 

sions (bibliometric mapping) and VOSviewer (layout algorithms). Reporting 
quality assessment tool: PRISMA. Methodological quality assessment tools 

include: AMSTAR, Dedoose, Distiller SR, and SRDR (Figures 1–6). 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

the virtual economy of the metaverse + geospatial big data 

management and computer vision algorithms 

65 12 

the virtual economy of the metaverse + remote sensing and 
image recognition technologies 

63 12 

the virtual economy of the metaverse + event modeling 

and forecasting tools 

60 11 

Type of paper 

Original research 148 25 

Review 24 10 

Conference proceedings 11 0 

Book 2 0 

Editorial 3 0 

Source: Processed by the authors. Some topics overlap. 
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Figure 1 Co-authorship 

 

 
Figure 2 Citation 
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Figure 3 Bibliographic coupling 

 

 

 
Figure 4 Co-citation 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Visual perception and simulation modeling 

algorithms, decision support and virtual navigation 

tools, and immersive 3D and cloud computing 

technologies assist metaverse assets and services. 

Barnes, 2022a; He et al., 

2023; Lv et al., 2022;  

Xu et al., 2023a 

3D virtual space networking and natural language 

processing tools, sensory data mining and machine 

learning techniques, and cognitive artificial 

intelligence and path planning algorithms optimize 

immersive visualization and cognitive computing 

systems in a fully connected metaverse. 

Dwivedi et al., 2023; Golf-

Papez et al., 2022; Huang  

et al., 2023; Zhang et al., 

2022a 

Immersive digital worlds and blockchain-based 

metaverse platforms integrate real-time predictive  

and mobile location analytics, spatial awareness and 
tracking tools, and smart sensor devices. 

Ding et al., 2022; Han et 

al., 2022; Kliestik et al., 

2023; Zyda, 2022 

Multi-sensor data fusion and immersive technologies, 

deep learning artificial intelligence and virtual 

navigation tools, and cyber-physical cognitive and 

remote sensing systems are pivotal  

in the metaverse interactive environment. 

Han et al., 2023a; Huynh-

The et al., 2023; Rostami 

and Maier, 2022; 

Zarantonello and Schmitt, 

2023 

Immersive metaverse experiences can be attained by 

use of movement and behavior tracking tools, 

autonomous cognitive and automated speech 

recognition systems, and deep learning and context 

awareness algorithms in digital hyper-realistic worlds. 

Ahn et al., 2023; Kliestik et 

al., 2022; Mourtzis et al., 

2022; Zhang et al., 2022b 

Artificial intelligence-powered prediction and 

immersive decentralized networking tools, behavior 

pattern clustering and machine vision algorithms, and 
deep learning-based sensing and cognitive automation 

technologies optimize entertaining metaverse events 

in extended reality environments. 

Cao, 2022; 

Panagiotakopoulos et al., 

2022; Yoo et al., 2023 

Interactive digital worlds and the blockchain-based 

metaverse integrate geospatial mapping and 

contextual data monitoring tools, cognitive and 

behavioral algorithms, and geospatial mapping  

and dynamic routing technologies. 

Braud et al., 2022; Han  

et al., 2023b; Xu et al., 

2023b; Zallio and Clarkson, 

2022 

Blockchain-based metaverse platforms and  

intelligent simulation environments require  

cognitive computing and artificial vision systems, 

machine learning-based image recognition and data 

mining tools, and image processing computational  

and predictive modeling algorithms. 

Bojic, 2022; Li et al., 2023; 

Ramadan, 2023; Zvarikova 

et al., 2022 

Image recognition and geospatial mapping tools, 

biometric self-authentication devices, and  

computer vision and navigation systems are  

pivotal in the metaverse economy. 

Aloqaily et al., 2022; 

Barnes, 2022b; Shen,  

2022; Zhang et al., 2023 
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Figure 5 PRISMA flow diagram describing the search results and screening. 

Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 
of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 

spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

Records identified through 
Web of Science search 

(n = 114) 

Records identified through 

Scopus and ProQuest search 
(n = 188) 

Records after duplicates removed 

(n = 188) 

Records screened 
(n = 188) 

Full-text articles 
assessed for eligibility 

(n = 137) 

Studies included in 

qualitative synthesis 
(n = 35) 

Full-text articles 
excluded, with reasons 

(n = 102): 

Out of scope (n = 37), 
Insufficient detail (n = 32), 

Limited rigor (n = 33) 

Records excluded 
(n = 51) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  
and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  

Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 
harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 

study designs. 

 
Distiller SR screened and extracted the collected data. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 
Dedoose analyzed qualitative and mixed methods research. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 
 

Figure 6 Screening and quality assessment tools 
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4. 3D Virtual Space Networking and Natural Language Processing Tools,  

    Machine Vision and Situational Awareness Algorithms, and  

    Monitoring and Sensing Technologies in a Fully Connected Metaverse 
 

Visual perception and simulation modeling algorithms, decision support and 

virtual navigation tools, and immersive 3D and cloud computing technologies 
(Barnes, 2022a; He et al., 2023; Lv et al., 2022; Xu et al., 2023a) assist 

metaverse assets and services. Cognitive enhancement and artificial intel- 

ligence technologies, spatial computing and environment mapping algorithms, 
and automated speech recognition and spatial data visualization tools con- 

figure immersive 3D worlds. Immersive virtual reality experiences can be 

achieved through Internet of Things sensing infrastructures, 3D modeling and 
operational modeling tools, and eye-tracking and spatial computing tech- 

nologies across interconnected digital realms. 

3D virtual space networking and natural language processing tools, sen- 

sory data mining and machine learning techniques, and cognitive artificial 
intelligence and path planning algorithms (Dwivedi et al., 2023; Golf-Papez 

et al., 2022; Huang et al., 2023; Zhang et al., 2022a) optimize immersive 

visualization and cognitive computing systems in a fully connected meta- 
verse. Computer vision and deep learning algorithms, virtual twin modeling 

and ambient intelligence tools, and monitoring and sensing technologies  

articulate extended reality environments.  
Immersive digital worlds and blockchain-based metaverse platforms (Ding 

et al., 2022; Han et al., 2022; Kliestik et al., 2023; Zyda, 2022) integrate real-

time predictive and mobile location analytics, spatial awareness and tracking 

tools, and smart sensor devices. Immersive hyper-connected virtual spaces 
develop on sensory data and text mining techniques, deep learning and 

computer vision algorithms, and digital twin and data analytics technologies. 

(Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Visual perception and simulation modeling 

algorithms, decision support and virtual navigation 

tools, and immersive 3D and cloud computing 

technologies assist metaverse assets and services. 

Barnes, 2022a; He et al., 

2023; Lv et al., 2022;  

Xu et al., 2023a 

3D virtual space networking and natural language 

processing tools, sensory data mining and machine 

learning techniques, and cognitive artificial 

intelligence and path planning algorithms optimize 

immersive visualization and cognitive computing 

systems in a fully connected metaverse. 

Dwivedi et al., 2023; Golf-

Papez et al., 2022; Huang 

et al., 2023; Zhang et al., 

2022a 

Immersive digital worlds and blockchain-based 
metaverse platforms integrate real-time predictive 

and mobile location analytics, spatial awareness and 

tracking tools, and smart sensor devices. 

Ding et al., 2022; Han et 
al., 2022; Kliestik et al., 

2023; Zyda, 2022 
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5. Spatial Computing and Image Recognition Technologies,  

    Visual Perception and 3D Generative Modeling Tools,  

    and Deep Learning and Context Awareness Algorithms  

    in the Metaverse Interactive Environment 
 

Multi-sensor data fusion and immersive technologies, deep learning artificial 
intelligence and virtual navigation tools, and cyber-physical cognitive and 

remote sensing systems (Han et al., 2023a; Huynh-The et al., 2023; Rostami 

and Maier, 2022; Zarantonello and Schmitt, 2023) are pivotal in the metaverse 
interactive environment. Interconnected sensor networks, data fusion and 

edge computing technologies, and deep and machine learning algorithms 

further 3D immersive content and digital environments.  
Immersive metaverse experiences can be attained by use of movement and 

behavior tracking tools, autonomous cognitive and automated speech recog- 

nition systems, and deep learning and context awareness algorithms (Ahn et 

al., 2023; Kliestik et al., 2022; Mourtzis et al., 2022; Zhang et al., 2022b) in 
digital hyper-realistic worlds. Sentiment and real-time predictive analytics, 

modeling and forecasting tools, and spatio-temporal fusion and computer 

vision algorithms shape and immersive decentralized 3D digital worlds.  
Artificial intelligence-powered prediction and immersive decentralized 

networking tools, behavior pattern clustering and machine vision algorithms, 

and deep learning-based sensing and cognitive automation technologies (Cao, 
2022; Panagiotakopoulos et al., 2022; Yoo et al., 2023) optimize entertaining 

metaverse events in extended reality environments. Synthetic reality spaces 

develop on situational awareness and object perception algorithms, spatial 

computing and image recognition technologies, and artificial intelligence-
powered search capabilities. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Multi-sensor data fusion and immersive technologies, 

deep learning artificial intelligence and virtual 

navigation tools, and cyber-physical cognitive  

and remote sensing systems are pivotal  

in the metaverse interactive environment. 

Han et al., 2023a; Huynh-

The et al., 2023; Rostami 

and Maier, 2022; 

Zarantonello and Schmitt, 

2023 

Immersive metaverse experiences can be attained by 

use of movement and behavior tracking tools, 

autonomous cognitive and automated speech 

recognition systems, and deep learning and context 

awareness algorithms in digital hyper-realistic worlds. 

Ahn et al., 2023; Kliestik et 

al., 2022; Mourtzis et al., 

2022; Zhang et al., 2022b 

Artificial intelligence-powered prediction and 

immersive decentralized networking tools, behavior 

pattern clustering and machine vision algorithms, and 
deep learning-based sensing and cognitive automation 

technologies optimize entertaining metaverse events 

in extended reality environments. 

Cao, 2022; 

Panagiotakopoulos et al., 

2022; Yoo et al., 2023 
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6. Image Processing Computational and Predictive Modeling  

    Algorithms, Multi-Machine Cooperation and Data  

    Visualization Tools, and Ambient Sound Recognition Software  

    on Blockchain-based Metaverse Platforms 
 

Interactive digital worlds and the blockchain-based metaverse (Braud et al., 
2022; Han et al., 2023b; Xu et al., 2023b; Zallio and Clarkson, 2022) integrate 

geospatial mapping and contextual data monitoring tools, cognitive and be- 

havioral algorithms, and geospatial mapping and dynamic routing tech- 
nologies. Multi-machine cooperation and data visualization tools, ambient 

sound recognition software, and computer vision and remote sensing  

algorithms articulate 3D immersive content and captured image data in a 
blockchain-based virtual world. 

Blockchain-based metaverse platforms and intelligent simulation environ- 

ments (Bojic, 2022; Li et al., 2023; Ramadan, 2023; Zvarikova et al., 2022) 

require cognitive computing and artificial vision systems, machine learning-
based image recognition and data mining tools, and image processing com- 

putational and predictive modeling algorithms. Immersive interconnected 

virtual worlds necessitate 3D object recognition and spatial computing tech- 
nologies, contextual data monitoring and deep learning-based ambient sound 

processing tools, and geolocation data processing algorithms.  

Image recognition and geospatial mapping tools, biometric self-authen- 
tication devices, and computer vision and navigation systems (Aloqaily et 

al., 2022; Barnes, 2022b; Shen, 2022; Zhang et al., 2023) are pivotal in 

the metaverse economy. Blockchain and geospatial mapping technologies, 

deep learning and predictive maintenance algorithms, and simulation model- 
ing and automated speech recognition tools are instrumental in immersive 

virtual worlds. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Interactive digital worlds and the blockchain-based 
metaverse integrate geospatial mapping and 

contextual data monitoring tools, cognitive and 

behavioral algorithms, and geospatial mapping  

and dynamic routing technologies. 

Braud et al., 2022; Han  
et al., 2023b; Xu et al., 

2023b; Zallio and 

Clarkson, 2022 

Blockchain-based metaverse platforms and 

intelligent simulation environments require  

cognitive computing and artificial vision systems, 

machine learning-based image recognition and data 

mining tools, and image processing computational 

and predictive modeling algorithms. 

Bojic, 2022; Li et al., 

2023; Ramadan, 2023; 

Zvarikova et al., 2022 

Image recognition and geospatial mapping tools, 

biometric self-authentication devices, and  

computer vision and navigation systems are  

pivotal in the metaverse economy. 

Aloqaily et al., 2022; 

Barnes, 2022b; Shen, 

2022; Zhang et al., 2023 
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7. Discussion 
 

We integrate our systematic review throughout research indicating how cog- 

nitive enhancement and artificial intelligence technologies, spatial computing 

and environment mapping algorithms, and automated speech recognition and 

spatial data visualization tools configure immersive 3D worlds. Our research 
complements recent analyses clarifying how interconnected sensor networks, 

data fusion and edge computing technologies, and deep and machine learn- 

ing algorithms further 3D immersive content and digital environments. We 
elucidate, by cumulative evidence, previous research demonstrating how 

immersive interconnected virtual worlds necessitate 3D object recognition 

and spatial computing technologies, contextual data monitoring and deep 
learning-based ambient sound processing tools, and computer vision and 

geolocation data processing algorithms.  

 
8. Synopsis of the Main Research Outcomes 
 

Computer vision and deep learning algorithms, virtual twin modeling and 
ambient intelligence tools, and monitoring and sensing technologies articulate 

extended reality environments. Immersive hyper-connected virtual spaces 

develop on sensory data and text mining techniques, deep learning and 

computer vision algorithms, and digital twin and data analytics technologies. 

 
9. Conclusions 
 

Relevant research has investigated whether synthetic reality spaces develop 

on situational awareness and object perception algorithms, spatial computing 

and image recognition technologies, and artificial intelligence-powered search 
capabilities. This systematic literature review presents the published peer-

reviewed sources covering how multi-machine cooperation and data visual- 

ization tools, ambient sound recognition software, and computer vision and 
remote sensing algorithms articulate 3D immersive content and captured 

image data in a blockchain-based virtual world. The research outcomes drawn 

from the above analyses indicate that sentiment and real-time predictive 

analytics, modeling and forecasting tools, and spatio-temporal fusion and 
computer vision algorithms shape shared virtual environments and immersive 

decentralized 3D digital worlds. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 
indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on geospatial big data management and computer vision algorithms, 

remote sensing and image recognition technologies, and event modeling and 
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forecasting tools in the virtual economy of the metaverse may have been 

excluded. Limitations of this research comprise particular kinds of publi- 
cations (original empirical research and review articles) discounting others 

(conference proceedings articles, books, and editorial materials). The scope 

of our study also does not move forward the inspection of immersive visual- 
ization and cognitive computing systems in a fully connected metaverse.  

     Subsequent analyses should develop on immersive digital worlds and 

blockchain-based metaverse platforms. Future research should thus investigate 

immersive metaverse experiences attained by use of movement and behavior 
tracking tools, autonomous cognitive and automated speech recognition sys- 

tems, and deep learning and context awareness algorithms. Attention should 

be directed to entertaining metaverse events in extended reality environments. 
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1. Introduction 
 

Immersive and extended reality technologies, edge artificial intelligence com- 

puting and artificial vision systems, and behavioral simulation and predictive 
geospatial modeling tools are pivotal in immersive 3D and blockchain-based 

virtual worlds. The purpose of my systematic review is to examine the re- 

cently published literature on Web3-powered metaverse worlds and integrate 

the insights it configures on haptic and biometric sensor technologies, spatial 
data mining and simulation modeling algorithms, and virtual navigation and 

decision intelligence tools. By analyzing the most recent (2022–2023) and 

significant (Web of Science, Scopus, and ProQuest) sources, my paper has 
attempted to prove that 3D immersive virtual reality and environment per- 

ception technologies (Andronie et al., 2023; Glogovețan et al., 2022; Nica et 

al., 2023), voice recognition software, and data acquisition and visual attention 
modeling tools (Balcerzak et al., 2022; Lăzăroiu et al., 2020; Newell, 2022) 

further immersive digital worlds. The actuality and novelty of this study are 

articulated by addressing geospatial mapping and immersive 3D technologies 

(Barber, 2022; Lăzăroiu et al., 2022; Popescu et al., 2017a), distributed 
decision and control algorithms, and automated speech recognition and 

virtual navigation tools, that is an emerging topic involving much interest. 

My research problem is whether big geospatial data and immersive visual 
analytics, hyper-realistic immersive 3D simulations, and sensing and com- 

puting technologies shape blockchain-based virtual worlds.  

In this review, prior findings have been cumulated indicating that inter- 
operable extended reality environments require semantic network represen- 

tations, machine intelligence and 3D virtual immersive technologies (Barbu 

et al., 2021; Nagy and Lăzăroiu, 2022; Popescu et al., 2017b), and synthetic 

biometric data. The identified gaps advance voice recognition software,  
metaverse engagement metrics, and socially-oriented location tracking and 

simulation modeling tools. My main objective is to indicate that spatial com- 

puting and remote sensing technologies (Dabija et al., 2022; Nagy et al., 
2023; Popescu, 2018; Watson, 2022), real-time data mining and tracking 

tools, and spatio-temporal fusion and 3D image processing algorithms con- 

figure extended reality environments.  

 
2. Theoretical Overview of the Main Concepts 
 

Immersive 3D environments require natural language processing and image 
data-based predictive algorithms, multisensor fusion and virtual immersive 

technologies, and movement and behavior tracking tools. Digital twin 

simulation and immersive decentralized networking tools, geospatial big 

data and mobile location analytics, and data sharing and distributed sensing 
technologies are instrumental in the digital asset-based virtual economy. 
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The manuscript is organized as following: theoretical overview (section 2), 

methodology (section 3), metaverse and immersive technologies, big data com- 
puting and socially-extended cognition systems, and spatio-temporal fusion 

and 3D image processing algorithms in extended reality environments (section 

4), autonomous visual object detection and machine learning-based image 
recognition tools, multisensor fusion and virtual immersive technologies, and 

neuromorphic computing and conversational artificial intelligence algorithms 

in the metaverse interactive environment (section 5), metaverse engagement 

metrics, cognitive computing and haptic augmented reality systems, and 
socially-oriented location tracking and simulation modeling tools in photo- 

realistic synthetic environments (section 6), discussion (section 7), synopsis 

of the main research outcomes (section 8), conclusions (section 9), limitations, 
implications, and further directions of research (section 10). 

 
3. Methodology 
 

I carried out a quantitative literature review of ProQuest, Scopus, and the Web 
of Science throughout December 2022, with search terms including “Web3-

powered metaverse worlds” + “haptic and biometric sensor technologies,” 

“spatial data mining and simulation modeling algorithms,” and “virtual nav- 

igation and decision intelligence tools.” As I analyzed research published in 
2022 and 2023, only 178 papers met the eligibility criteria. By removing con- 

troversial or unclear findings (scanty/unimportant data), results unsupported 

by replication, undetailed content, or papers having quite similar titles, I 
decided on 34, chiefly empirical, sources (Tables 1 and 2). Data visualization 

tools: Dimensions (bibliometric mapping) and VOSviewer (layout algorithms). 

Reporting quality assessment tool: PRISMA. Methodological quality assess- 
ment tools include: AMSTAR, Distiller SR, ROBIS, and SRDR (Figures 1–6). 

 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

Web3-powered metaverse worlds + haptic and biometric 

sensor technologies 

61 12 

Web3-powered metaverse worlds + spatial data mining 
and simulation modeling algorithms 

59 11 

Web3-powered metaverse worlds + virtual navigation  

and decision intelligence tools 

58 11 

Type of paper   

Original research 148 25 

Review 19 9 

Conference proceedings 10 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the author. Some topics overlap. 
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Figure 1 Co-authorship 

 

 

 
Figure 2 Citation 
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Figure 3 Bibliographic coupling 

 

 
Figure 4 Co-citation 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Immersive visualization and extended cognitive 

systems, virtual modeling and cognitive 

enhancement technologies, and decision-making 

process automation and image recognition tools 

articulate the virtual economy of the metaverse. 

Kovacova et al., 2022a; 

Vidal-Tomás, 2023;  

Zhao et al., 2022 

Synthetic user experiences can be achieved by use  

of virtual and augmented reality tools, metaverse  

and immersive technologies, and cognitive decision-

making and computer vision algorithms. 

Cheng et al., 2022; 

Panagiotakopoulos et al., 

2022; Shi et al., 2023a; 

Zainab et al., 2022 

Extended reality environments integrate virtual 

navigation and immersive analytics tools, big data 
computing and socially-extended cognition systems, 

and remote sensing and digital scent technologies. 

Kozinets, 2023; McStay, 

2023; Njoku et al., 2023; 
Van Huynh et al., 2022 

3D metaverse experiences can be achieved  

through geospatial mapping and immersive 3D 

technologies, distributed decision and control 

algorithms, and automated speech recognition  

and virtual navigation tools. 

Gordon, 2022; Kwok and 

Tang, 2023; Lv et al., 

2022; Zhou et al., 2023 

Big data computing and network virtualization 

systems, virtual reality-based data analytics and 

ambient scene detection tools, and 3D modeling  

and simulation technologies optimize the metaverse 

interactive environment. 

Egliston and Carter, 2022; 

Rydell, 2022; 

Wongkitrungrueng and 

Suprawan, 2023 

Haptic and 3D body sensory technologies, data 

visualization and real-time data tracking tools, and 
emotion detection and image recognition algorithms 

assist 3D holographic avatars. 

Du et al., 2023; Kovacova 

et al., 2022b; Venugopal et 
al., 2023; Zabel et al., 2023 

Immersive virtual experiences can be attained 

through voice recognition software, metaverse 

engagement metrics, and socially-oriented location 

tracking and simulation modeling tools. 

Giang Barrera and Shah, 

2023; Li et al., 2023; Polas 

et al., 2022; Xian et al., 

2023 

Metaverse engagement and experiences can be 

achieved by use of cognitive computing and haptic 

augmented reality systems, intelligent sensing and 

deep convolutional neural networks, and motion 

capture and digital twin technologies. 

Bordegoni and Ferrise, 

2023; McStay, 2022; 

Smart, 2022; Zhu et al., 

2023 

Synthetic data and virtual navigation tools, biometric 

and behavioral data, and spatial and sentiment 

analytics enable extended reality environments. 
Digital twin simulation and immersive 

decentralized networking tools, geospatial big data 

and mobile location analytics, and data sharing and 

distributed sensing technologies are instrumental in 

the digital asset-based virtual economy. 

Braud et al., 2022; Hadi et 

al., 2023; Shi et al., 2023b; 

Wang et al., 2022 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 
spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 
Web of Science search 

(n = 111) 

 

Records identified through 
Scopus and ProQuest search 

(n = 178) 

Records after duplicates removed 

(n = 178) 

 

Records screened 
(n = 178) 

 

Full-text articles 

assessed for eligibility 
(n = 143) 

 

Studies included in 
qualitative synthesis 

(n = 34) 

 

Full-text articles 
excluded, with reasons 

(n = 109): 
 

Out of scope (n = 35), 
Insufficient detail (n = 38), 

Limited rigor (n = 36) 

 

Records excluded 
(n = 35) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  
Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
Distiller SR screened and extracted the collected data. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 
study designs. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
Dedoose analyzed qualitative and mixed methods research. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 
 

Figure 6 Screening and quality assessment tools 
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4. Metaverse and Immersive Technologies, Big Data Computing and 

    Socially-Extended Cognition Systems, and Spatio-Temporal Fusion and  

    3D Image Processing Algorithms in Extended Reality Environments 
 

Immersive visualization and extended cognitive systems, virtual modeling 

and cognitive enhancement technologies, and decision-making process auto- 

mation and image recognition tools (Kovacova et al., 2022a; Vidal-Tomás, 

2023; Zhao et al., 2022) articulate the virtual economy of the metaverse. 3D 
immersive virtual reality and environment perception technologies, voice 

recognition software, and data acquisition and visual attention modeling tools 

further immersive digital worlds. 
Synthetic user experiences (Cheng et al., 2022; Panagiotakopoulos et al., 

2022; Shi et al., 2023a; Zainab et al., 2022) can be achieved by use of virtual 

and augmented reality tools, metaverse and immersive technologies, and 
cognitive decision-making and computer vision algorithms. Immersive 3D 

virtual environments develop on spatio-temporal fusion and virtual mapping 

algorithms, sensorial and cognitive technologies, and digital twin simulation 

and data mining tools.  
Extended reality environments (Kozinets, 2023; McStay, 2023; Njoku et 

al., 2023; Van Huynh et al., 2022) integrate virtual navigation and immersive 

analytics tools, big data computing and socially-extended cognition systems, 
and remote sensing and digital scent technologies. Spatial computing and 

remote sensing technologies, real-time data mining and tracking tools, and 

spatio-temporal fusion and 3D image processing algorithms configure ex- 
tended reality environments. Immersive and extended reality technologies, 

edge artificial intelligence computing and artificial vision systems, and 

behavioral simulation and predictive geospatial modeling tools are pivotal in 

immersive 3D and blockchain-based virtual worlds. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Immersive visualization and extended cognitive 

systems, virtual modeling and cognitive 

enhancement technologies, and decision-making 

process automation and image recognition tools 

articulate the virtual economy of the metaverse. 

Kovacova et al., 2022a; 

Vidal-Tomás, 2023;  

Zhao et al., 2022 

Synthetic user experiences can be achieved by use  

of virtual and augmented reality tools, metaverse  

and immersive technologies, and cognitive decision-

making and computer vision algorithms. 

Cheng et al., 2022; 

Panagiotakopoulos et al., 

2022; Shi et al., 2023a; 

Zainab et al., 2022 

Extended reality environments integrate virtual 

navigation and immersive analytics tools, big data 

computing and socially-extended cognition systems, 

and remote sensing and digital scent technologies. 

Kozinets, 2023; McStay, 

2023; Njoku et al., 2023; 

Van Huynh et al., 2022 
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5. Autonomous Visual Object Detection and Machine Learning-based 

    Image Recognition Tools, Multisensor Fusion and Virtual Immersive 

    Technologies, and Neuromorphic Computing and Conversational 

    Artificial Intelligence Algorithms in the Metaverse  
 

3D metaverse experiences (Gordon, 2022; Kwok and Tang, 2023; Lv et al., 

2022; Zhou et al., 2023) can be achieved through geospatial mapping and 

immersive 3D technologies, distributed decision and control algorithms, and 
automated speech recognition and virtual navigation tools. Hyper-realistic 

personalized interactive experiences can be attained by use of sensor-based 

object recognition and dynamic routing technologies, big geospatial data and 
real-time event analytics, and autonomous visual object detection and machine 

learning-based image recognition tools. 

Big data computing and network virtualization systems, virtual reality-
based data analytics and ambient scene detection tools, and 3D modeling and 

simulation technologies (Egliston and Carter, 2022; Rydell, 2022; Wongkit- 

rungrueng and Suprawan, 2023) optimize the metaverse interactive environ- 

ment. Immersive 3D environments require natural language processing and 
image data-based predictive algorithms, multisensor fusion and virtual 

immersive technologies, and movement and behavior tracking tools. 

Haptic and 3D body sensory technologies, data visualization and real-time 
data tracking tools, and emotion detection and image recognition algorithms 

(Du et al., 2023; Kovacova et al., 2022b; Venugopal et al., 2023; Zabel et al., 

2023) assist 3D holographic avatars. Hyperconnected virtual experiences can 
be attained through real-time 3D rendering and sentiment recognition tech- 

nologies, neuromorphic computing and conversational artificial intelligence 

algorithms, and motion capture suits. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

3D metaverse experiences can be achieved  

through geospatial mapping and immersive 3D 

technologies, distributed decision and control 

algorithms, and automated speech recognition  

and virtual navigation tools. 

Gordon, 2022; Kwok and 

Tang, 2023; Lv et al., 

2022; Zhou et al., 2023 

Big data computing and network virtualization 

systems, virtual reality-based data analytics and 

ambient scene detection tools, and 3D modeling  

and simulation technologies optimize the metaverse 
interactive environment. 

Egliston and Carter, 2022; 

Rydell, 2022; 

Wongkitrungrueng and 

Suprawan, 2023 

Haptic and 3D body sensory technologies, data 

visualization and real-time data tracking tools, and 

emotion detection and image recognition algorithms 

assist 3D holographic avatars. 

Du et al., 2023; Kovacova 

et al., 2022b; Venugopal et 

al., 2023; Zabel et al., 2023 
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6. Metaverse Engagement Metrics, Cognitive Computing and  

    Haptic Augmented Reality Systems, and Socially-oriented  

    Location Tracking and Simulation Modeling Tools  

    in Photorealistic Synthetic Environments 
 

Immersive virtual experiences (Giang Barrera and Shah, 2023; Li et al., 2023; 

Polas et al., 2022; Xian et al., 2023) can be attained through voice recognition 

software, metaverse engagement metrics, and socially-oriented location track- 
ing and simulation modeling tools. Immersive 3D virtual environments neces- 

sitate simulation and digital twin modeling tools, body-tracking data metrics, 

and 3D imaging and display technologies. Interoperable extended reality en- 
vironments require semantic network representations, machine intelligence 

and 3D virtual immersive technologies, and synthetic biometric data. 

Metaverse engagement and experiences (Bordegoni and Ferrise, 2023; 
McStay, 2022; Smart, 2022; Zhu et al., 2023) can be achieved by use of cog- 

nitive computing and haptic augmented reality systems, intelligent sensing 

and deep convolutional neural networks, and motion capture and digital twin 

technologies. Perception and planning algorithms, Internet of Things-based 
decision support and artificial cognitive systems, and text mining and deep 

generative modeling techniques are pivotal in photorealistic synthetic envi- 

ronments. 
Synthetic data and virtual navigation tools, biometric and behavioral data, 

and spatial and sentiment analytics (Braud et al., 2022; Hadi et al., 2023; Shi 

et al., 2023b; Wang et al., 2022) enable extended reality environments. Big 
geospatial data and immersive visual analytics, hyper-realistic immersive 3D 

simulations, and sensing and computing technologies shape blockchain-

based virtual worlds. Digital twin simulation and immersive decentralized 

networking tools, geospatial big data and mobile location analytics, and data 
sharing and distributed sensing technologies are instrumental in the digital 

asset-based virtual economy. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Immersive virtual experiences can be attained 

through voice recognition software, metaverse 

engagement metrics, and socially-oriented location 

tracking and simulation modeling tools. 

Giang Barrera and Shah, 

2023; Li et al., 2023; Polas 

et al., 2022; Xian et al., 

2023 

Metaverse engagement and experiences can be 

achieved by use of cognitive computing and haptic 

augmented reality systems, intelligent sensing and 

deep convolutional neural networks, and motion 

capture and digital twin technologies. 

Bordegoni and Ferrise, 

2023; McStay, 2022; 

Smart, 2022; Zhu et al., 

2023 

Synthetic data and virtual navigation tools, biometric 

and behavioral data, and spatial and sentiment 

analytics enable extended reality environments. 

Braud et al., 2022; Hadi et 

al., 2023; Shi et al., 2023b; 

Wang et al., 2022 
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7. Discussion 
 

I integrate my systematic review throughout research indicating how immer- 

sive 3D virtual environments necessitate simulation and digital twin modeling 

tools, body-tracking data metrics, and 3D imaging and display technologies. 

My research complements recent analyses clarifying how big geospatial data 
and immersive visual analytics, hyper-realistic immersive 3D simulations, 

and sensing and computing technologies shape blockchain-based virtual 

worlds. I elucidate, by cumulative evidence, previous research demonstrating 
how immersive 3D virtual environments develop on spatio-temporal fusion 

and virtual mapping algorithms, sensorial and cognitive technologies, and 

digital twin simulation and data mining tools.  

 
8. Synopsis of the Main Research Outcomes 
 

Hyperconnected virtual experiences can be attained through real-time 3D 

rendering and sentiment recognition technologies, neuromorphic computing 

and conversational artificial intelligence algorithms, and motion capture 
suits. Interoperable extended reality environments require semantic network 

representations, machine intelligence and 3D virtual immersive technologies, 

and synthetic biometric data. 

 
9. Conclusions 
 

Relevant research has investigated whether perception and planning algo- 

rithms, Internet of Things-based decision support and artificial cognitive sys- 

tems, and text mining and deep generative modeling techniques are pivotal 

in photorealistic synthetic environments. This systematic literature review 
presents the published peer-reviewed sources covering how 3D immersive 

virtual reality and environment perception technologies, voice recognition 

software, and data acquisition and visual attention modeling tools further 
immersive digital worlds. The research outcomes drawn from the above ana- 

lyses indicate that hyper-realistic personalized interactive experiences can be 

attained by use of sensor-based object recognition and dynamic routing tech- 

nologies, big geospatial data and real-time event analytics, and autonomous 
visual object detection and machine learning-based image recognition tools. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 

indexed in the Web of Science, Scopus, and ProQuest databases, relevant 
sources on haptic and biometric sensor technologies, spatial data mining and 

simulation modeling algorithms, and virtual navigation and decision intelli- 

gence tools across Web3-powered metaverse worlds may have been excluded. 
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Limitations of this research comprise particular kinds of publications (original 

empirical research and review articles) discounting others (conference pro- 
ceedings articles, books, and editorial materials). The scope of my study also 

does not move forward the inspection of haptic and 3D body sensory 

technologies, data visualization and real-time data tracking tools, and emotion 
detection and image recognition algorithms.  

      Subsequent analyses should develop on immersive visualization and 

extended cognitive systems, virtual modeling and cognitive enhancement 

technologies, and decision-making process automation and image recognition 
tools. Future research should thus investigate synthetic data and virtual 

navigation tools, biometric and behavioral data, and spatial and sentiment 

analytics. Attention should be directed to virtual and augmented reality tools, 
metaverse and immersive technologies, and cognitive decision-making and 

computer vision algorithms. 
 

 
Charles Goodman, https://orcid.org/0000-0002-8660-1098 
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1. Introduction 
 

3D immersive environments integrate emotion detection and recognition 

technologies, biometrics data fusion, and socio-spatial analytics and digital 

twin modeling tools. The purpose of our systematic review is to examine 
the recently published literature on the real-time interoperable decentralized 

metaverse and integrate the insights it configures on immersive extended 

reality and remote sensing technologies, simulation modeling and spatial 
data acquisition tools, and cooperative decision and control algorithms. By 

analyzing the most recent (2022–2023) and significant (Web of Science, 

Scopus, and ProQuest) sources, our paper has attempted to prove that immer- 

sive multisensory virtual spaces necessitate spatial data visualization and 
ambient intelligence tools (Andronie et al., 2021; Kliestik et al., 2020; Pop et 

al., 2023), sensor path planning and situational awareness algorithms, and 

artificial intelligence-based image recognition and ontology-based semantic 
technologies. The actuality and novelty of this study are articulated by 

addressing human digital twin and neuromorphic image processing systems, 

haptic bodysuits, and metaverse assets and services, that is an emerging topic 
involving much interest. Our research problem is whether behavioral pre- 

dictive and Internet of Things sensor data analytics, immersive geospatial 

data visualization and virtual modeling technologies (Andronie et al., 2023; 

Kovacova et al., 2022; Pop et al., 2021), and explainable artificial intelligence-
based decision support and haptic object recognition systems.  

      In this review, prior findings have been cumulated indicating that immer- 

sive virtual experiences can be attained through machine learning-based pre- 
dictive and simulation modeling algorithms (Balcerzak et al., 2022; Lăzăroiu 

et al., 2020; Popescu et al., 2017a), cognitive artificial intelligence and cloud 

computing technologies, and 3D virtual space networking and geospatial 
mapping tools. The identified gaps advance image processing computational 

and situational awareness algorithms (Blake, 2022; Nagy et al., 2023; Popescu 

et al., 2017b), deep learning-based sensing and data analytics technologies, 

and visual and spatial intelligence tools. Our main objective is to indicate 
that virtual reality-based immersive experiences can be achieved by use of 

multiscale spatial data processing and contextual data monitoring tools  

(Jaramillo-Aristizabal, 2022; Nica, 2017; Popescu, 2018; Vătămănescu et al., 
2020), geolocation data mining and tracking, and wearable haptic garments.  

 
2. Theoretical Overview of the Main Concepts 
 

Immersive virtual experiences can be attained through simulation modeling 

and visual imagery tools, monitoring and sensing technologies, and bio-
inspired computational intelligence and context awareness algorithms.  

The manuscript is organized as following: theoretical overview (section 2), 

methodology (section 3), machine learning-based predictive and simulation 
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modeling algorithms, haptic and multisensory technologies, and spatial aware- 

ness and tracking tools in the decentralized metaverse (section 4), multiscale 
spatial data processing and contextual data monitoring tools, sensor fusion 

and affective modeling algorithms, and real-time predictive and mobile 

location analytics in the blockchain-based metaverse (section 5), motion 
capture and geospatial big data visualization systems, sensor path planning 

and situational awareness algorithms, and deep learning-based sensing and 

data analytics technologies in the interconnected metaverse (section 6),  

discussion (section 7), synopsis of the main research outcomes (section 8), 
conclusions (section 9), limitations, implications, and further directions of 

research (section 10). 

 
3. Methodology 
       
We carried out a quantitative literature review of ProQuest, Scopus, and 
the Web of Science throughout December 2022, with search terms including 

“real-time interoperable decentralized metaverse” + “immersive extended 

reality and remote sensing technologies,” “simulation modeling and spatial 
data acquisition tools,” and “cooperative decision and control algorithms.” 

As we analyzed research published between 2022 and 2023, only 183 papers 

met the eligibility criteria. By removing controversial or unclear findings 

(scanty/unimportant data), results unsupported by replication, undetailed 
content, or papers having quite similar titles, we decided on 37, chiefly 

empirical, sources (Tables 1 and 2). Data visualization tools: Dimensions 

(bibliometric mapping) and VOSviewer (layout algorithms). Reporting 
quality assessment tool: PRISMA. Methodological quality assessment tools 

include: AXIS, Distiller SR, ROBIS, and SRDR (Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

real-time interoperable decentralized metaverse + 

immersive extended reality and remote sensing 

technologies 

64 13 

real-time interoperable decentralized metaverse + 

simulation modeling and spatial data acquisition tools 

60 12 

real-time interoperable decentralized metaverse + 

cooperative decision and control algorithms 

59 12 

Type of paper   

Original research 152 28 

Review 21 9 

Conference proceedings 9 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the authors. Some topics overlap. 
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Figure 1 Co-authorship 

 

 

 

 
Figure 2 Citation 
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Figure 3 Bibliographic coupling 

 

 
Figure 4 Co-citation 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Deep learning-based generative and interconnected 

sensor networks, spatial awareness and tracking 

tools, and cognitive artificial intelligence and 

geolocation data processing algorithms assist  

the decentralized metaverse. 

Daneshfar and Jamshidi, 

2023; Hollensen et al., 

2023; Li et al., 2023a 

Haptic feedback and 3D modeling technologies, 

cognitive computing and visual analytics systems, 

and metaverse engagement metrics optimize 3D 

computer‐generated virtual environments. 

Dolata and Schwabe, 

2023; McStay, 2022; Tang 

et al., 2023; Weking et al., 

2023 

User identification technology and location data, 

sentiment and real-time predictive analytics, and 
artificial intelligence-powered search capabilities 

configure interactive virtual and extended reality 

environments. 

Dincelli and Yayla, 2022; 

Ersoy and Gürfidan, 2023; 
Oh et al., 2023; 

Zarantonello and Schmitt, 

2023 

Deep reinforcement learning and simulation 

modeling tools, real-time predictive and mobile 

location analytics, and virtual holographic objects 

further the blockchain-based metaverse and synthetic 

digitally-mediated environments. 

Ahn et al., 2023; Cao, 

2022; Hadi et al., 2023;  

He et al., 2023; Zheng  

and Yuan, 2023 

Human digital twin and neuromorphic image 

processing systems, haptic bodysuits, and metaverse 

assets and services are instrumental in immersive 

virtual environments. 

Duncan, 2022; Huynh-The 

et al., 2023; Nagendran et 

al., 2022; Venugopal et al., 

2023 

Deep learning-based ambient sound processing, 

computer vision and spatial cognition algorithms, 
and modeling and forecasting tools articulate 

intelligent connectivity infrastructures across 

extended reality environments. 

Chen, 2022; Hawkins, 

2022; Queiroz et al.,  
2023; Wang et al., 2022 

Virtual navigation and image processing tools,  

eye-tracking and digital contact tracing  

technologies, and multi-sensory extended reality  

shape the interconnected metaverse and 3D  

virtual environments. 

Du et al., 2023; Gauttier et 

al., 2022; Smart, 2022; Wu 

et al., 2023 

Image processing computational and situational 

awareness algorithms, deep learning-based  

sensing and data analytics technologies, and  

visual and spatial intelligence tools configure  

3D immersive content across the decentralized  
and interconnected metaverse. 

Faraboschi et al., 2022; 

Han et al., 2023; Majerová 

and Pera, 2022; Park and 

Kim, 2023 

Wireless sensor and convolutional neural networks, 

location-based predictive and deep learning 

algorithms, and affective and perceptual technologies 

enable decentralized 3D digital worlds. 

Li et al., 2023b; Ramadan, 

2023; Shen, 2022; Watson, 

2022; Zhang et al., 2023 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 
spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 
Web of Science search 

(n = 114) 

 

Records identified through 
Scopus and ProQuest search 

(n = 183) 

Records after duplicates removed 

(n = 183) 

 

Records screened 
(n = 183) 

 

Full-text articles 

assessed for eligibility 
(n = 150) 

 

Studies included in 
qualitative synthesis 

(n = 37) 

 

Full-text articles 
excluded, with reasons 

(n = 113): 
 

Out of scope (n = 38), 
Insufficient detail (n = 36), 

Limited rigor (n = 39) 

 

Records excluded 
(n = 33) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  
Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 
study designs. 

 
Distiller SR screened and extracted the collected data. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
Dedoose analyzed qualitative and mixed methods research. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 
 

Figure 6 Screening and quality assessment tools 
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4. Machine Learning-based Predictive and Simulation Modeling 

    Algorithms, Haptic and Multisensory Technologies, and Spatial 

    Awareness and Tracking Tools in the Decentralized Metaverse 
 

Deep learning-based generative and interconnected sensor networks, spatial 

awareness and tracking tools, and cognitive artificial intelligence and geo- 

location data processing algorithms (Daneshfar and Jamshidi, 2023; Hollensen 

et al., 2023; Li et al., 2023a) assist the decentralized metaverse. Immersive 
virtual experiences can be attained through machine learning-based predictive 

and simulation modeling algorithms, cognitive artificial intelligence and cloud 

computing technologies, and 3D virtual space networking and geospatial 
mapping tools. 

Haptic feedback and 3D modeling technologies, cognitive computing and 

visual analytics systems, and metaverse engagement metrics (Dolata and 
Schwabe, 2023; McStay, 2022; Tang et al., 2023; Weking et al., 2023)  

optimize 3D computer‐generated virtual environments. 3D immersive spaces 

and experiences can be achieved by use of haptic and multisensory tech- 

nologies, computer vision and deep learning algorithms, and automated 
speech recognition and virtual twin modeling tools. 

User identification technology and location data, sentiment and real-time 

predictive analytics, and artificial intelligence-powered search capabilities 
(Dincelli and Yayla, 2022; Ersoy and Gürfidan, 2023; Oh et al., 2023;  

Zarantonello and Schmitt, 2023) configure interactive virtual and extended 

reality environments. Immersive virtual experiences can be attained through 
simulation modeling and visual imagery tools, monitoring and sensing tech- 

nologies, and bio-inspired computational intelligence and context awareness 

algorithms. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Deep learning-based generative and interconnected 

sensor networks, spatial awareness and tracking 

tools, and cognitive artificial intelligence and 

geolocation data processing algorithms assist  

the decentralized metaverse. 

Daneshfar and Jamshidi, 

2023; Hollensen et al., 

2023; Li et al., 2023a 

Haptic feedback and 3D modeling technologies, 

cognitive computing and visual analytics systems, 

and metaverse engagement metrics optimize 3D 

computer‐generated virtual environments. 

Dolata and Schwabe, 

2023; McStay, 2022; Tang 

et al., 2023; Weking et al., 

2023 

User identification technology and location data, 
sentiment and real-time predictive analytics, and 

artificial intelligence-powered search capabilities 

configure interactive virtual and extended reality 

environments. 

Dincelli and Yayla, 2022; 
Ersoy and Gürfidan, 2023; 

Oh et al., 2023; 

Zarantonello and Schmitt, 

2023 
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5. Multiscale Spatial Data Processing and Contextual Data  

    Monitoring Tools, Sensor Fusion and Affective Modeling  

    Algorithms, and Real-Time Predictive and Mobile Location  

    Analytics in the Blockchain-based Metaverse 
 

Deep reinforcement learning and simulation modeling tools, real-time pre- 

dictive and mobile location analytics, and virtual holographic objects (Ahn et 

al., 2023; Cao, 2022; Hadi et al., 2023; He et al., 2023; Zheng and Yuan, 
2023) further the blockchain-based metaverse and synthetic digitally-mediated 

environments. Virtual reality-based immersive experiences can be achieved 

by use of multiscale spatial data processing and contextual data monitoring 
tools, geolocation data mining and tracking, and wearable haptic garments. 

Human digital twin and neuromorphic image processing systems, haptic 

bodysuits, and metaverse assets and services (Duncan, 2022; Huynh-The et 
al., 2023; Nagendran et al., 2022; Venugopal et al., 2023) are instrumental in 

immersive virtual environments. Extended reality environments develop on 

machine learning-based object recognition and data fusion technologies, smart 

environment modeling and geospatial mapping tools, and sensor fusion and 
affective modeling algorithms. 

Deep learning-based ambient sound processing, computer vision and 

spatial cognition algorithms, and modeling and forecasting tools (Chen, 
2022; Hawkins, 2022; Queiroz et al., 2023; Wang et al., 2022) articulate 

intelligent connectivity infrastructures across extended reality environments. 

3D immersive environments integrate emotion detection and recognition 
technologies, biometrics data fusion, and socio-spatial analytics and digital 

twin modeling tools. Blockchain token-based digital assets, virtual mapping 

and visual imagery tools, and wireless sensor networks shape immersive 3D 

worlds. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Deep reinforcement learning and simulation 

modeling tools, real-time predictive and mobile 

location analytics, and virtual holographic objects 

further the blockchain-based metaverse and synthetic 

digitally-mediated environments. 

Ahn et al., 2023; Cao, 

2022; Hadi et al., 2023;  

He et al., 2023; Zheng  

and Yuan, 2023 

Human digital twin and neuromorphic image 
processing systems, haptic bodysuits, and metaverse 

assets and services are instrumental in immersive 

virtual environments. 

Duncan, 2022; Huynh-The 
et al., 2023; Nagendran et 

al., 2022; Venugopal et al., 

2023 

Deep learning-based ambient sound processing, 

computer vision and spatial cognition algorithms, 

and modeling and forecasting tools articulate 

intelligent connectivity infrastructures across 

extended reality environments. 

Chen, 2022; Hawkins, 

2022; Queiroz et al.,  

2023; Wang et al., 2022 
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6. Motion Capture and Geospatial Big Data Visualization Systems,  

    Sensor Path Planning and Situational Awareness Algorithms,  

    and Deep Learning-based Sensing and Data Analytics Technologies  

    in the Interconnected Metaverse 
 

Virtual navigation and image processing tools, eye-tracking and digital 

contact tracing technologies, and multi-sensory extended reality (Du et al., 

2023; Gauttier et al., 2022; Smart, 2022; Wu et al., 2023) shape the intercon- 
nected metaverse and 3D virtual environments. The blockchain-based virtual 

economy require motion capture and geospatial big data visualization systems, 

edge computing and affective computing technologies, and remote sensing 
and machine learning algorithms. 

Image processing computational and situational awareness algorithms, 

deep learning-based sensing and data analytics technologies, and visual and 
spatial intelligence tools (Faraboschi et al., 2022; Han et al., 2023; Majerová 

and Pera, 2022; Park and Kim, 2023) configure 3D immersive content across 

the decentralized and interconnected metaverse. Immersive multisensory vir- 

tual spaces necessitate spatial data visualization and ambient intelligence tools, 
sensor path planning and situational awareness algorithms, and artificial in- 

telligence-based image recognition and ontology-based semantic technologies. 

Wireless sensor and convolutional neural networks, location-based predic- 
tive and deep learning algorithms, and affective and perceptual technologies 

(Li et al., 2023b; Ramadan, 2023; Shen, 2022; Watson, 2022; Zhang et al., 

2023) enable decentralized 3D digital worlds. Behavioral predictive and 
Internet of Things sensor data analytics, immersive geospatial data visualiza- 

tion and virtual modeling technologies, and explainable artificial intelligence-

based decision support and haptic object recognition systems. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Virtual navigation and image processing tools,  

eye-tracking and digital contact tracing  

technologies, and multi-sensory extended reality  

shape the interconnected metaverse and 3D  

virtual environments. 

Du et al., 2023; Gauttier et 

al., 2022; Smart, 2022; Wu 

et al., 2023 

Image processing computational and situational 

awareness algorithms, deep learning-based  

sensing and data analytics technologies, and  

visual and spatial intelligence tools configure  
3D immersive content across the decentralized  

and interconnected metaverse. 

Faraboschi et al., 2022; 

Han et al., 2023; Majerová 

and Pera, 2022; Park and 

Kim, 2023 

Wireless sensor and convolutional neural networks, 

location-based predictive and deep learning 

algorithms, and affective and perceptual technologies 

enable decentralized 3D digital worlds. 

Li et al., 2023b; Ramadan, 

2023; Shen, 2022; Watson, 

2022; Zhang et al., 2023 
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7. Discussion 
 

We integrate our systematic review throughout research indicating how behav- 

ioral predictive and Internet of Things sensor data analytics, immersive geo- 

spatial data visualization and virtual modeling technologies, and explainable 

artificial intelligence-based decision support and haptic object recognition 
systems. Our research complements recent analyses clarifying how 3D immer- 

sive spaces and experiences can be achieved by use of haptic and multi- 

sensory technologies, computer vision and deep learning algorithms, and 
automated speech recognition and virtual twin modeling tools. We elucidate, 

by cumulative evidence, previous research demonstrating how immersive 

virtual experiences can be attained through machine learning-based predictive 
and simulation modeling algorithms, cognitive artificial intelligence and cloud 

computing technologies, and 3D virtual space networking and geospatial 

mapping tools. 

 
8. Synopsis of the Main Research Outcomes 
 

The blockchain-based virtual economy require motion capture and geospatial 

big data visualization systems, edge computing and affective computing 

technologies, and remote sensing and machine learning algorithms. Virtual 

reality-based immersive experiences can be achieved by use of multiscale 
spatial data processing and contextual data monitoring tools, geolocation data 

mining and tracking, and wearable haptic garments. 

 
9. Conclusions 
 

Relevant research has investigated whether extended reality environments 
develop on machine learning-based object recognition and data fusion tech- 

nologies, smart environment modeling and geospatial mapping tools, and 

sensor fusion and affective modeling algorithms. This systematic literature 
review presents the published peer-reviewed sources covering how immersive 

multisensory virtual spaces necessitate spatial data visualization and ambient 

intelligence tools, sensor path planning and situational awareness algorithms, 

and artificial intelligence-based image recognition and ontology-based se- 
mantic technologies. The research outcomes drawn from the above analyses 

indicate that blockchain token-based digital assets, virtual mapping and visual 

imagery tools, and wireless sensor networks shape immersive 3D worlds. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 

indexed in the Web of Science, Scopus, and ProQuest databases, relevant  

sources on immersive extended reality and remote sensing technologies, 
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simulation modeling and spatial data acquisition tools, and cooperative 

decision and control algorithms in a real-time interoperable decentralized 
metaverse may have been excluded. Limitations of this research comprise 

particular kinds of publications (original empirical research and review 

articles) discounting others (conference proceedings articles, books, and 
editorial materials). The scope of our study also does not move forward 

the inspection of deep learning-based generative and interconnected sensor 

networks, spatial awareness and tracking tools, and cognitive artificial intel- 

ligence and geolocation data processing algorithms.  
      Subsequent analyses should develop on deep learning-based ambient 

sound processing, computer vision and spatial cognition algorithms, and 

modeling and forecasting tools. Future research should thus investigate user 
identification technology and location data, sentiment and real-time predictive 

analytics, and artificial intelligence-powered search capabilities. Attention 

should be directed to 3D immersive content across the decentralized and 

interconnected metaverse. 
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1. Introduction 
 

3D virtual immersive environments necessitate digital twin modeling and 

artificial intelligence-powered prediction tools, image recognition and holo- 
graphic telepresence technologies, and computer vision and motion control 

algorithms. The purpose of my systematic review is to examine the recently 

published literature on blockchain-based metaverse platforms and integrate 

the insights it configures on remote big data management and visual imagery 
tools, multisensor fusion and dynamic routing technologies, and 3D space 

mapping and object recognition algorithms. By analyzing the most recent 

(2022–2023) and significant (Web of Science, Scopus, and ProQuest) sources, 
my paper has attempted to prove that immersive digital worlds require text 

mining and analytics, cognitive computing and networked immersive virtual 

reality systems (Andronie et al., 2021a; Duncan, 2022; Nica et al., 2022), and 
deep learning-based predictive and visual tracking algorithms. The actuality 

and novelty of this study are articulated by addressing metaverse assets and 

services, virtual personas and identities, and movement and behavior tracking 

tools (Andronie et al., 2021b; Musova et al., 2021; Popescu et al., 2017a), 
that is an emerging topic involving much interest. My research problem is 

whether deep learning artificial intelligence and automated speech recognition 

tools, dynamic routing and multisensor fusion technologies, and cognitive 
and behavioral algorithms further immersive virtual worlds.  

      In this review, prior findings have been cumulated indicating that intel- 

ligent data processing and immersive decentralized networking tools, digital 
twin and spatial computing technologies (Andronie et al., 2021; Naepi and 

Naepi, 2022; Popescu et al., 2017b), and deep learning and environment map- 

ping algorithms are instrumental in the blockchain-based virtual economy. 

The identified gaps advance metaverse engagement metrics, cognitive com- 
puting and immersive visualization systems (Andronie et al., 2023; Nica, 

2017; Popescu, 2018), and data-driven artificial intelligence and predictive 

modeling algorithms. My main objective is to indicate that multisensory user 
experiences can be attained through cognitive and behavior modeling tech- 

nologies (Dabija et al., 2018; Nica, 2018; Pelau et al., 2021; Vătămănescu et 

al., 2022), auditory and visual immersion systems, and digital twinning and 

geospatial analytics tools.  

 
2. Theoretical Overview of the Main Concepts 
 

Immersive virtual reality experiences can be achieved by use of multi-sensor 

fusion and perception systems, simulation and modeling technologies, and 

brain-inspired artificial intelligence and objection recognition algorithms. 

The manuscript is organized as following: theoretical overview (section 2), 
methodology (section 3), artificial vision and autonomous cognitive systems, 
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contextual data monitoring and digital twin simulation tools, and deep  

learning-based sensing and immersive extended reality technologies on 
blockchain-based metaverse platforms (section 4), metaverse assets and 

services, brain-inspired artificial intelligence and objection recognition algo- 

rithms, and digital twinning and geospatial analytics tools in immersive inter- 
connected virtual worlds (section 5), cognitive computing and networked 

immersive virtual reality systems, contextual intelligence and operational 

modeling tools, and 3D capture and sentiment recognition technologies in a 

fully connected and decentralized metaverse (section 6), discussion (section 
7), synopsis of the main research outcomes (section 8), conclusions (section 

9), limitations, implications, and further directions of research (section 10). 

 
3. Methodology 
 

Throughout January 2023, a quantitative literature review of the Web of  

Science, Scopus, and ProQuest databases was performed, with search terms 

including “blockchain-based metaverse platforms” + “remote big data man- 
agement and visual imagery tools,” “multisensor fusion and dynamic routing 

technologies,” and “3D space mapping and object recognition algorithms.” 

As research published between 2022 and 2023 was inspected, only 177 

articles satisfied the eligibility criteria. By taking out controversial or  
ambiguous findings (insufficient/irrelevant data), outcomes unsubstantiated 

by replication, too general material, or studies with nearly identical titles, I 

selected 33 mainly empirical sources (Tables 1 and 2). Data visualization 
tools: Dimensions (bibliometric mapping) and VOSviewer (layout algo- 

rithms). Reporting quality assessment tool: PRISMA. Methodological quality 

assessment tools include: AMSTAR, Dedoose, Distiller SR, and SRDR 
(Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

blockchain-based metaverse platforms + remote big data 

management and visual imagery tools 

60 12 

blockchain-based metaverse platforms + multisensor 
fusion and dynamic routing technologies 

59 11 

blockchain-based metaverse platforms + 3D space 

mapping and object recognition algorithms 

58 10 

Type of paper   

Original research 150 25 

Review 17 8 

Conference proceedings 8 0 

Book 0 0 

Editorial 2 0 

Source: Processed by the author. Some topics overlap. 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Interconnected sensor and picture-making neural 

networks, eye-tracking and cognitive automation 

technologies, and contextual data monitoring and 

digital twin simulation tools configure blockchain-

based metaverse platforms. 

Park and Kim, 2023; 

Rostami and Maier, 2022; 

Xu et al., 2023a 

Immersive photorealistic virtual spaces and  

the metaverse economy integrate spatial and  

edge computing technologies, real-time visual 

analytics and multimodal sensing systems,  

and bio-sensing and actuation systems. 

Dwivedi et al., 2023; 

Giang Barrera and Shah, 

2023; Zhao et al., 2022 

Eye-tracking and geospatial mapping  
technologies, virtual mapping and natural  

language processing tools, and artificial  

vision and autonomous cognitive systems  

articulate immersive interconnected virtual worlds. 

Ahn et al., 2023;  
Han et al., 2022; 

Panagiotakopoulos et al., 

2022; Zhou et al., 2023 

Immersive metaverse experiences can be attained 

through behavior pattern clustering, big spatio-

temporal data and user journey analytics, and 

photorealistic synthetic images and data. 

Du et al., 2023; Han et  

al., 2023a; Vidal-Tomás, 

2023; Xu et al., 2023b 

Metaverse assets and services, virtual personas  

and identities, and movement and behavior tracking 

tools are pivotal in 3D immersive environments. 3D 

virtual immersive environments necessitate digital 

twin modeling and artificial intelligence-powered 
prediction tools, image recognition and holographic 

telepresence technologies, and computer vision and 

motion control algorithms. 

Egliston and Carter, 2022; 

Han et al., 2023b; Shi et 

al., 2023; Zhu et al., 2023 

Spatio-temporal fusion and image detection 

algorithms, context recognition and data 

visualization tools, and geospatial mapping and 

image-based object recognition technologies assist 

immersive interconnected virtual worlds. 

Hamilton, 2022;  

Mourtzis et al., 2022; 

Wongkitrungrueng and 

Suprawan, 2023; Zhang  

et al., 2023 

Metaverse engagement metrics, cognitive  

computing and immersive visualization systems,  

and data-driven artificial intelligence and predictive 

modeling algorithms shape the virtual environment 

of the metaverse. 

Huynh-The et al., 2023; 

Kovacova et al., 2022; 

Zallio and Clarkson, 2022 

A fully connected and decentralized metaverse 
require immersive and blockchain technologies, 

contextual intelligence and operational modeling 

tools, and real-time event analytics. 

Aloqaily et al., 2022; 
Dolata and Schwabe, 

2023; Grupac et al.,  

2022; Zabel et al., 2023 

Dynamic routing and cognitive enhancement 

technologies, sensor data fusion, and movement and 

behavior tracking tools enable immersive 3D worlds 

and synthetic reality spaces. 

Ding et al., 2022; Kwok 

and Tang, 2023; Njoku et 

al., 2023; Zauskova et al., 

2022 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 
spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 
Web of Science search 

(n = 116) 

 

Records identified through 
Scopus and ProQuest search 

(n = 177) 

Records after duplicates removed 

(n = 177) 

 

Records screened 
(n = 177) 

 

Full-text articles 

assessed for eligibility 
(n = 142) 

 

Studies included in 
qualitative synthesis 

(n = 33) 

 

Full-text articles 
excluded, with reasons 

(n = 109): 
 

Out of scope (n = 38), 
Insufficient detail (n = 35), 

Limited rigor (n = 36) 

 

Records excluded 
(n = 35) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  
Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
Distiller SR screened and extracted the collected data. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 
study designs. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
Dedoose analyzed qualitative and mixed methods research. 

 

Figure 6 Screening and quality assessment tools 
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4. Artificial Vision and Autonomous Cognitive Systems,  

    Contextual Data Monitoring and Digital Twin Simulation Tools,  

    and Deep Learning-based Sensing and Immersive Extended  

    Reality Technologies on Blockchain-based Metaverse Platforms 
 

Interconnected sensor and picture-making neural networks, eye-tracking and 

cognitive automation technologies, and contextual data monitoring and digital 

twin simulation tools (Park and Kim, 2023; Rostami and Maier, 2022; Xu et 
al., 2023a) configure blockchain-based metaverse platforms. Deep learning 

artificial intelligence and automated speech recognition tools, dynamic  

routing and multisensor fusion technologies, and cognitive and behavioral 
algorithms further immersive virtual worlds. 

Immersive photorealistic virtual spaces and the metaverse economy  

(Dwivedi et al., 2023; Giang Barrera and Shah, 2023; Zhao et al., 2022) 
integrate spatial and edge computing technologies, real-time visual analytics 

and multimodal sensing systems, and bio-sensing and actuation systems. 

Immersive virtual reality experiences can be achieved by use of biometric 

self-authentication devices, body-tracking data metrics, and photorealistic 
synthetic imagery. 

Eye-tracking and geospatial mapping technologies, virtual mapping and 

natural language processing tools, and artificial vision and autonomous  
cognitive systems (Ahn et al., 2023; Han et al., 2022; Panagiotakopoulos et 

al., 2022; Zhou et al., 2023) articulate immersive interconnected virtual 

worlds. Hyper-realistic personalized interactive experiences can be attained 
through interactional and contextual data, deep learning-based sensing and 

immersive extended reality technologies, and multi-machine cooperation and 

image recognition tools. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Interconnected sensor and picture-making neural 

networks, eye-tracking and cognitive automation 

technologies, and contextual data monitoring and 

digital twin simulation tools configure blockchain-

based metaverse platforms. 

Park and Kim, 2023; 

Rostami and Maier, 2022; 

Xu et al., 2023a 

Immersive photorealistic virtual spaces and  

the metaverse economy integrate spatial and  

edge computing technologies, real-time visual 

analytics and multimodal sensing systems,  
and bio-sensing and actuation systems. 

Dwivedi et al., 2023; 

Giang Barrera and Shah, 

2023; Zhao et al., 2022 

Eye-tracking and geospatial mapping  

technologies, virtual mapping and natural  

language processing tools, and artificial  

vision and autonomous cognitive systems  

articulate immersive interconnected virtual worlds. 

Ahn et al., 2023;  

Han et al., 2022; 

Panagiotakopoulos et al., 

2022; Zhou et al., 2023 
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5. Metaverse Assets and Services, Brain-inspired Artificial Intelligence 

    and Objection Recognition Algorithms, and Digital Twinning and 

    Geospatial Analytics Tools in Immersive Interconnected Virtual Worlds 
 

Immersive metaverse experiences (Du et al., 2023; Han et al., 2023a; Vidal-

Tomás, 2023; Xu et al., 2023b) can be attained through behavior pattern 

clustering, big spatio-temporal data and user journey analytics, and photo- 

realistic synthetic images and data. Virtual reality-based immersive experi- 
ences can be achieved by use of synthetic biometric data, ambient intelli- 

gence and big data management tools, and machine learning-based navigation 

and path planning algorithms. 
Metaverse assets and services, virtual personas and identities, and move- 

ment and behavior tracking tools (Egliston and Carter, 2022; Han et al., 

2023b; Shi et al., 2023; Zhu et al., 2023) are pivotal in 3D immersive envi- 
ronments. Multisensory user experiences can be attained through cognitive 

and behavior modeling technologies, auditory and visual immersion systems, 

and digital twinning and geospatial analytics tools. 3D virtual immersive 

environments necessitate digital twin modeling and artificial intelligence-
powered prediction tools, image recognition and holographic telepresence 

technologies, and computer vision and motion control algorithms. 

Spatio-temporal fusion and image detection algorithms, context recognition 
and data visualization tools, and geospatial mapping and image-based object 

recognition technologies (Hamilton, 2022; Mourtzis et al., 2022; Wongkit- 

rungrueng and Suprawan, 2023; Zhang et al., 2023) assist immersive 
interconnected virtual worlds. Immersive virtual reality experiences can be 

achieved by use of multi-sensor fusion and perception systems, simulation 

and modeling technologies, and brain-inspired artificial intelligence and 

objection recognition algorithms. Cloud-based cognitive and digital twin 
technologies, predictive modeling processes, and smart sensor devices con- 

figure immersive 3D virtual environments. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Immersive metaverse experiences can be attained 

through behavior pattern clustering, big spatio-

temporal data and user journey analytics, and 

photorealistic synthetic images and data. 

Du et al., 2023; Han et  

al., 2023a; Vidal-Tomás, 

2023; Xu et al., 2023b 

Metaverse assets and services, virtual personas and 

identities, and movement and behavior tracking tools 

are pivotal in 3D immersive environments. 

Egliston and Carter, 2022; 

Han et al., 2023b; Shi et 

al., 2023; Zhu et al., 2023 

Spatio-temporal fusion and image detection 

algorithms, context recognition and data 

visualization tools, and geospatial mapping and 

image-based object recognition technologies assist 

immersive interconnected virtual worlds. 

Hamilton, 2022;  

Mourtzis et al., 2022; 

Wongkitrungrueng and 

Suprawan, 2023; Zhang  

et al., 2023 
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6. Cognitive Computing and Networked Immersive Virtual  

    Reality Systems, Contextual Intelligence and Operational  

    Modeling Tools, and 3D Capture and Sentiment Recognition  

    Technologies in a Fully Connected and Decentralized Metaverse 
 

Metaverse engagement metrics, cognitive computing and immersive visual- 

ization systems, and data-driven artificial intelligence and predictive model- 

ing algorithms (Huynh-The et al., 2023; Kovacova et al., 2022; Zallio and 
Clarkson, 2022) shape the virtual environment of the metaverse. Digital 

twinning and geospatial artificial intelligence technologies, data visualization 

and hyper-realistic immersive simulation tools, and networked embedded 
sensing devices optimize 3D virtual environments. 

A fully connected and decentralized metaverse (Aloqaily et al., 2022; 

Dolata and Schwabe, 2023; Grupac et al., 2022; Zabel et al., 2023) require 
immersive and blockchain technologies, contextual intelligence and opera- 

tional modeling tools, and real-time event analytics. Ambient intelligence and 

extended reality environments develop on synthetic data and visual imagery 

tools, computer vision and predictive maintenance algorithms, and 3D 
capture and sentiment recognition technologies. 

Dynamic routing and cognitive enhancement technologies, sensor data 

fusion, and movement and behavior tracking tools (Ding et al., 2022; Kwok 
and Tang, 2023; Njoku et al., 2023; Zauskova et al., 2022) enable immersive 

3D worlds and synthetic reality spaces. Immersive digital worlds require text 

mining and analytics, cognitive computing and networked immersive virtual 
reality systems, and deep learning-based predictive and visual tracking algo- 

rithms. Intelligent data processing and immersive decentralized networking 

tools, digital twin and spatial computing technologies, and deep learning and 

environment mapping algorithms are instrumental in the blockchain-based 
virtual economy. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 
              (research findings) 
 

Metaverse engagement metrics, cognitive computing 

and immersive visualization systems, and data-
driven artificial intelligence and predictive modeling 

algorithms shape the virtual environment of  

the metaverse. 

Huynh-The et al., 2023; 

Kovacova et al., 2022; 
Zallio and Clarkson, 2022 

A fully connected and decentralized metaverse 

require immersive and blockchain technologies, 

contextual intelligence and operational modeling 

tools, and real-time event analytics. 

Aloqaily et al., 2022; 

Dolata and Schwabe, 

2023; Grupac et al.,  

2022; Zabel et al., 2023 

Dynamic routing and cognitive enhancement 

technologies, sensor data fusion, and movement and 

behavior tracking tools enable immersive 3D worlds 

and synthetic reality spaces. 

Ding et al., 2022; Kwok 

and Tang, 2023; Njoku et 

al., 2023; Zauskova et al., 

2022 
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7. Discussion 
 

I integrate my systematic review throughout research indicating how immer- 

sive digital worlds require text mining and analytics, cognitive computing and 

networked immersive virtual reality systems, and deep learning-based pre- 

dictive and visual tracking algorithms. My research complements recent ana- 
lyses clarifying how immersive virtual reality experiences can be achieved 

by use of biometric self-authentication devices, body-tracking data metrics, 

and photorealistic synthetic imagery. I elucidate, by cumulative evidence, 
previous research demonstrating how ambient intelligence and extended 

reality environments develop on synthetic data and visual imagery tools,  

computer vision and predictive maintenance algorithms, and 3D capture and 
sentiment recognition technologies. 

 
8. Synopsis of the Main Research Outcomes 
 

Digital twinning and geospatial artificial intelligence technologies, data  

visualization and hyper-realistic immersive simulation tools, and networked 
embedded sensing devices optimize 3D virtual environments. Multisensory 

user experiences can be attained through cognitive and behavior modeling 

technologies, auditory and visual immersion systems, and digital twinning 

and geospatial analytics tools. 

 
9. Conclusions 
 

Relevant research has investigated whether hyper-realistic personalized inter- 

active experiences can be attained through interactional and contextual data, 

deep learning-based sensing and immersive extended reality technologies, 
and multi-machine cooperation and image recognition tools. This systematic 

literature review presents the published peer-reviewed sources covering how 

3D virtual immersive environments necessitate digital twin modeling and 
artificial intelligence-powered prediction tools, image recognition and holo- 

graphic telepresence technologies, and computer vision and motion control 

algorithms. The research outcomes drawn from the above analyses indicate 

that virtual reality-based immersive experiences can be achieved by use of 
synthetic biometric data, ambient intelligence and big data management  

tools, and machine learning-based navigation and path planning algorithms. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 
indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on remote big data management and visual imagery tools, multi- 

sensor fusion and dynamic routing technologies, and 3D space mapping and 
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object recognition algorithms on blockchain-based metaverse platforms may 

have been excluded. Limitations of this research comprise particular kinds of 
publications (original empirical research and review articles) discounting 

others (conference proceedings articles, books, and editorial materials).  

The scope of my study also does not move forward the inspection of immer- 
sive and blockchain technologies, contextual intelligence and operational 

modeling tools, and real-time event analytics.  

      Subsequent analyses should develop on immersive photorealistic virtual 

spaces and the metaverse economy. Future research should thus investigate 
eye-tracking and geospatial mapping technologies, virtual mapping and nat- 

ural language processing tools, and artificial vision and autonomous cognitive 

systems. Attention should be directed to interconnected sensor and picture-
making neural networks, eye-tracking and cognitive automation technologies, 

and contextual data monitoring and digital twin simulation tools. 
 

 
Barbara Woodward, https://orcid.org/0000-0003-2819-6976 
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1. Introduction 
 

Real-time Internet of Things data, hyper-realistic immersive 3D simulations, 

and digital twin modeling and ambient scene detection tools shape the digital 

asset-based virtual economy. The purpose of our systematic review is to 
examine the recently published literature on the metaverse economy and 

integrate the insights it configures on remote sensing data fusion techniques, 

multimodal behavioral predictive and mobile location analytics, and spatial 
cognition and context awareness algorithms. By analyzing the most recent 

(2022–2023) and significant (Web of Science, Scopus, and ProQuest) sources, 

our paper has attempted to prove that visual and spatial intelligence tools, 3D 

modeling and simulation technologies, and Internet of Things sensing infra- 
structures optimize blockchain-based virtual worlds. The actuality and novelty 

of this study are articulated by addressing virtual modeling and immersive 3D 

technologies, context awareness and machine vision algorithms (Andronie et 
al., 2021; Glogovețan et al., 2022; Nica et al., 2023), and sensor and actuator 

devices, that is an emerging topic involving much interest. Our research prob- 

lem is whether motion capture, computer vision, and real-time 3D rendering 
technologies, image generation and artificial intelligence-powered decision 

support tools (Krizanova et al., 2019; Lăzăroiu, 2018; Popescu et al., 2017a), 

and geospatial modeling and simulation devices (Andronie et al., 2023; 

Lewkowich, 2022; Rowland, 2022) are instrumental in immersive intercon- 
nected virtual worlds.  

      In this review, prior findings have been cumulated indicating that bio- 

inspired artificial intelligence and visual analytics systems, spatial data mining 
and image processing computational algorithms (Balica and Cuțitoi, 2022; 

Nica, 2017; Popescu et al., 2017b; Vinerean et al., 2022), and virtual navi- 

gation and simulation modeling tools configure 3D immersive environments. 
The identified gaps advance big geospatial data and user journey analytics, 

metaverse assets and services, and cyber-physical cognitive and immersive 

visualization systems. Our main objective is to indicate that immersive digital 

worlds require computer vision and cognitive decision-making algorithms, 
deep learning-based sensing and spatial computing technologies (Dabija et 

al., 2023; Nica, 2018; Popescu, 2018; Valaskova et al., 2022), and virtual 

navigation and data mining tools.  

 
2. Theoretical Overview of the Main Concepts 
 

Immersive visual analytics harnesses predictive geospatial modeling and im- 

mersive decentralized networking tools, environment perception and virtual 

twin technologies, and deep learning and visual object tracking algorithms. 
Interactive digital worlds integrate visual perception and simulation model- 

ing tools, immersive 3D and digital twin technologies, and geolocation data 

mining and tracking. The manuscript is organized as following: theoretical 
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overview (section 2), methodology (section 3), distributed autonomous control 

and immersive visualization systems, spatial cognition and object perception 
algorithms, and machine learning-based image recognition and smart envi- 

ronment modeling tools in the virtual economy of the metaverse (section 4), 

3D object recognition and immersive metaverse technologies, visual per- 
ception and simulation modeling tools, and geolocation data mining and 

tracking in extended reality environments (section 5), digital twin and image-

based visual computing technologies, geospatial modeling and simulation 

devices, and voice and gesture recognition tools on blockchain-based meta- 
verse platforms (section 6), discussion (section 7), synopsis of the main re- 

search outcomes (section 8), conclusions (section 9), limitations, implications, 

and further directions of research (section 10). 

 
3. Methodology 
 

Throughout December 2022, we performed a quantitative literature review of 
the Web of Science, Scopus, and ProQuest databases, with search terms in- 

cluding “the metaverse economy” + “remote sensing data fusion techniques,” 

“multimodal behavioral predictive and mobile location analytics,” and “spatial 
cognition and context awareness algorithms.” As we inspected research 

published between 2022 and 2023, only 179 articles satisfied the eligibility 

criteria. By removing controversial findings, outcomes unsubstantiated by 

replication, too imprecise material, or having similar titles, we decided upon 
36, generally empirical, sources (Tables 1 and 2). Data visualization tools: 

Dimensions (bibliometric mapping) and VOSviewer (layout algorithms). Re- 

porting quality assessment tool: PRISMA. Methodological quality assessment 
tools include: AXIS, Dedoose, MMAT, and SRDR (Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

the metaverse economy + remote sensing data  

fusion techniques 

62 13 

the metaverse economy + multimodal behavioral 
predictive and mobile location analytics 

59 12 

the metaverse economy + spatial cognition and  

context awareness algorithms 

58 11 

Type of paper   

Original research 147 24 

Review 21 12 

Conference proceedings 10 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the authors. Some topics overlap. 
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Figure 1 Co-authorship 

 

 

 
Figure 2 Citation 
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Figure 3 Bibliographic coupling 

 
Figure 4 Co-citation 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Big geospatial data and user journey analytics, 

metaverse assets and services, and cyber-physical 

cognitive and immersive visualization systems  

assist extended reality environments. 

Adams, 2022; Hadi et al., 

2023; Venugopal et al., 

2023; Zhao et al., 2022 

The virtual economy of the metaverse develop on 

Internet of Things sensing infrastructures, distributed 

autonomous control and immersive visualization 

systems, and machine learning-based image 

recognition and smart environment modeling tools. 

Balica, 2022; Hollensen  

et al., 2023; Wang et al., 

2022; Yoo et al., 2023 

Spatial cognition and object perception algorithms, 

sensing and computing technologies, and text mining 
and analytics configure interactive virtual and 

extended reality environments. 3D computer vision 

and digital twinning technologies, decision 

intelligence and modelling tools, and geolocation 

data mining and tracking enable synthetic 

simulation environments. 

Hennig-Thurau et al., 

2022; Oh et al., 2023; 
Ramadan, 2023; Tang  

et al., 2023 

Metaverse and immersive technologies, digital  

twin simulation and virtual navigation tools, and 

distributed sensor and deep convolutional neural 

networks further decentralized 3D digital worlds. 

Cheng et al., 2022; Huynh-

The et al., 2023; 

Zarantonello and Schmitt, 

2023; Zhang et al., 2022 

Big data computing and artificial neural  

network-based decision support systems,  

3D object recognition and immersive metaverse 
technologies, and virtual and augmented reality  

tools assist mobile edge computing environments. 

Golf-Papez et al., 2022; 

Hancock, 2022; Kozinets, 

2023; Lv et al., 2022a 

Decision support and deep reinforcement learning 

tools, cognitive enhancement and digital contact 

tracing technologies, and crowd navigation and 

visual cognitive algorithms articulate extended 

reality environments. 

Dincelli and Yayla, 2022; 

Kliestik et al., 2023; 

McStay, 2022; Zyda, 2022 

3D computational modeling and semantic sensor 

technologies, spatial data mapping and digital twin 

simulation tools, and deep learning computer vision 

and 3D image processing algorithms shape 

blockchain-based metaverse platforms. 

Dawson, 2022; Meng et 

al., 2023; Shi et al., 2023; 

Van Huynh et al., 2022 

3D metaverse experiences can be attained by  

use of 3D image and synthesis generation,  
voice and gesture recognition tools, and haptic  

and biometric sensor technologies. 

Bordegoni and Ferrise, 

2023; Lv et al., 2022b; 
Polas et al., 2022; Zabel  

et al., 2023 

Virtual modeling and immersive 3D technologies, 

context awareness and machine vision algorithms, 

and sensor and actuator devices enable spatial  

virtual reality environments. 

Du et al., 2023; Nagendran 

et al., 2022; Weking et al., 

2023; Zhang et al., 2023 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 
spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 
Web of Science search 

(n = 115) 

 

Records identified through 
Scopus and ProQuest search 

(n = 179) 

Records after duplicates removed 

(n = 179) 

 

Records screened 
(n = 179) 

 

Full-text articles 

assessed for eligibility 
(n = 137) 

 

Studies included in 
qualitative synthesis 

(n = 36) 

 

Full-text articles 
excluded, with reasons 

(n = 101): 
 

Out of scope (n = 33), 
Insufficient detail (n = 34), 

Limited rigor (n = 34) 

 

Records excluded 
(n = 42) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  
Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 
study designs. 

 
Distiller SR screened and extracted the collected data. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
Dedoose analyzed qualitative and mixed methods research. 

 

Figure 6 Screening and quality assessment tools 
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4. Distributed Autonomous Control and Immersive Visualization 

    Systems, Spatial Cognition and Object Perception Algorithms, and 

    Machine Learning-based Image Recognition and Smart Environment  

    Modeling Tools in the Virtual Economy of the Metaverse 
 

Big geospatial data and user journey analytics, metaverse assets and services, 

and cyber-physical cognitive and immersive visualization systems (Adams, 

2022; Hadi et al., 2023; Venugopal et al., 2023; Zhao et al., 2022) assist 
extended reality environments. Data stream clustering and visual object  

tracking algorithms, remote sensing and cognitive enhancement technologies, 

and behavioral simulation and distributed intelligence tools further digital 
hyper-realistic worlds. 

The virtual economy of the metaverse (Balica, 2022; Hollensen et al., 

2023; Wang et al., 2022; Yoo et al., 2023) develop on Internet of Things 
sensing infrastructures, distributed autonomous control and immersive  

visualization systems, and machine learning-based image recognition and 

smart environment modeling tools. Visual and spatial intelligence tools, 3D 

modeling and simulation technologies, and Internet of Things sensing  
infrastructures optimize blockchain-based virtual worlds. 

Spatial cognition and object perception algorithms, sensing and com- 

puting technologies, and text mining and analytics (Hennig-Thurau et al., 
2022; Oh et al., 2023; Ramadan, 2023; Tang et al., 2023) configure inter- 

active virtual and extended reality environments. Immersive visual analytics 

harnesses predictive geospatial modeling and immersive decentralized net- 
working tools, environment perception and virtual twin technologies, and 

deep learning and visual object tracking algorithms. 3D computer vision and 

digital twinning technologies, decision intelligence and modelling tools, and 

geolocation data mining and tracking enable synthetic simulation environ- 
ments. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 
              (research findings) 
 

Big geospatial data and user journey analytics, 

metaverse assets and services, and cyber-physical 
cognitive and immersive visualization systems  

assist extended reality environments. 

Adams, 2022; Hadi et al., 

2023; Venugopal et al., 
2023; Zhao et al., 2022 

The virtual economy of the metaverse develop on 

Internet of Things sensing infrastructures, distributed 

autonomous control and immersive visualization 

systems, and machine learning-based image 

recognition and smart environment modeling tools. 

Balica, 2022; Hollensen  

et al., 2023; Wang et al., 

2022; Yoo et al., 2023 

Spatial cognition and object perception algorithms, 

sensing and computing technologies, and text mining 

and analytics configure interactive virtual and 

extended reality environments. 

Hennig-Thurau et al., 

2022; Oh et al., 2023; 

Ramadan, 2023; Tang  

et al., 2023 
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5. 3D Object Recognition and Immersive Metaverse Technologies,  

    Visual Perception and Simulation Modeling Tools, and Geolocation  

    Data Mining and Tracking in Extended Reality Environments 
 

Metaverse and immersive technologies, digital twin simulation and virtual 

navigation tools, and distributed sensor and deep convolutional neural 

networks (Cheng et al., 2022; Huynh-The et al., 2023; Zarantonello and 

Schmitt, 2023; Zhang et al., 2022) further decentralized 3D digital worlds. 
Interactive digital worlds integrate visual perception and simulation modeling 

tools, immersive 3D and digital twin technologies, and geolocation data  

mining and tracking. Real-time Internet of Things data, hyper-realistic 
immersive 3D simulations, and digital twin modeling and ambient scene  

detection tools shape the digital asset-based virtual economy. 

Big data computing and artificial neural network-based decision support 
systems, 3D object recognition and immersive metaverse technologies, and 

virtual and augmented reality tools (Golf-Papez et al., 2022; Hancock, 2022; 

Kozinets, 2023; Lv et al., 2022a) assist mobile edge computing environ- 

ments. Immersive digital worlds require computer vision and cognitive  
decision-making algorithms, deep learning-based sensing and spatial com- 

puting technologies, and virtual navigation and data mining tools. 

Decision support and deep reinforcement learning tools, cognitive en- 
hancement and digital contact tracing technologies, and crowd navigation 

and visual cognitive algorithms (Dincelli and Yayla, 2022; Kliestik et al., 

2023; McStay, 2022; Zyda, 2022) articulate extended reality environments. 
Immersive 3D and interactive digital worlds necessitate sensor-based model- 

ing and interactive 3D geo-visualization systems, location intelligence data, 

and computer vision and augmented intelligence technologies. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Metaverse and immersive technologies, digital  

twin simulation and virtual navigation tools, and 

distributed sensor and deep convolutional neural 

networks further decentralized 3D digital worlds. 

Cheng et al., 2022; Huynh-

The et al., 2023; 

Zarantonello and Schmitt, 

2023; Zhang et al., 2022 

Big data computing and artificial neural  

network-based decision support systems,  

3D object recognition and immersive metaverse 

technologies, and virtual and augmented reality  

tools assist mobile edge computing environments. 

Golf-Papez et al., 2022; 

Hancock, 2022; Kozinets, 

2023; Lv et al., 2022a 

Decision support and deep reinforcement learning 
tools, cognitive enhancement and digital contact 

tracing technologies, and crowd navigation and 

visual cognitive algorithms articulate extended 

reality environments. 

Dincelli and Yayla, 2022; 
Kliestik et al., 2023; 

McStay, 2022; Zyda, 2022 
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6. Digital Twin and Image-based Visual Computing Technologies, 

    Geospatial Modeling and Simulation Devices, and Voice and  

    Gesture Recognition Tools on Blockchain-based Metaverse platforms 
 

3D computational modeling and semantic sensor technologies, spatial data 

mapping and digital twin simulation tools, and deep learning computer vision 

and 3D image processing algorithms (Dawson, 2022; Meng et al., 2023; Shi 

et al., 2023; Van Huynh et al., 2022) shape blockchain-based metaverse 
platforms. Artificial vision and sensor-based data acquisition systems, digital 

twin and image-based visual computing technologies, and 3D modeling and 

predictive algorithmic tools are pivotal in immersive virtual environments 
and hyper-realistic digital worlds. 

3D metaverse experiences (Bordegoni and Ferrise, 2023; Lv et al., 2022b; 

Polas et al., 2022; Zabel et al., 2023) can be attained by use of 3D image and 
synthesis generation, voice and gesture recognition tools, and haptic and 

biometric sensor technologies. Motion capture, computer vision, and real-

time 3D rendering technologies, image generation and artificial intelligence-

powered decision support tools, and geospatial modeling and simulation 
devices are instrumental in immersive interconnected virtual worlds. 

Virtual modeling and immersive 3D technologies, context awareness and 

machine vision algorithms, and sensor and actuator devices (Du et al., 2023; 
Nagendran et al., 2022; Weking et al., 2023; Zhang et al., 2023) enable 

spatial virtual reality environments. Bioinspired artificial intelligence and 

visual analytics systems, spatial data mining and image processing com- 
putational algorithms, and virtual navigation and simulation modeling tools 

configure 3D immersive environments. Synthetic artificial intelligence and 

3D holographic virtual images, computational modeling and simulation tools, 

and Internet of Things digital twins optimize augmented reality-powered 
immersive spaces. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 
              (research findings) 
 

3D computational modeling and semantic sensor 

technologies, spatial data mapping and digital twin 
simulation tools, and deep learning computer vision 

and 3D image processing algorithms shape 

blockchain-based metaverse platforms. 

Dawson, 2022; Meng et 

al., 2023; Shi et al., 2023; 
Van Huynh et al., 2022 

3D metaverse experiences can be attained by  

use of 3D image and synthesis generation,  

voice and gesture recognition tools, and haptic  

and biometric sensor technologies. 

Bordegoni and Ferrise, 

2023; Lv et al., 2022b; 

Polas et al., 2022; Zabel  

et al., 2023 

Virtual modeling and immersive 3D technologies, 

context awareness and machine vision algorithms, 

and sensor and actuator devices enable spatial  

virtual reality environments. 

Du et al., 2023; Nagendran 

et al., 2022; Weking et al., 

2023; Zhang et al., 2023 
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7. Discussion 
 

We integrate our systematic review throughout research indicating how visual 

and spatial intelligence tools, 3D modeling and simulation technologies, and 
Internet of Things sensing infrastructures optimize blockchain-based virtual 

worlds. Our research complements recent analyses clarifying how data stream 

clustering and visual object tracking algorithms, remote sensing and cognitive 

enhancement technologies, and behavioral simulation and distributed intelli- 
gence tools further digital hyper-realistic worlds. We elucidate, by cumulative 

evidence, previous research demonstrating how artificial vision and sensor-

based data acquisition systems, digital twin and image-based visual com- 
puting technologies, and 3D modeling and predictive algorithmic tools are 

pivotal in immersive virtual environments and hyper-realistic digital worlds. 

 
8. Synopsis of the Main Research Outcomes 
 

Immersive digital worlds require computer vision and cognitive decision-

making algorithms, deep learning-based sensing and spatial computing tech- 
nologies, and virtual navigation and data mining tools. Immersive 3D and 

interactive digital worlds necessitate sensor-based modeling and interactive 

3D geo-visualization systems, location intelligence data, and computer vision 

and augmented intelligence technologies. 

 
9. Conclusions 
 

Relevant research has investigated whether bioinspired artificial intelligence 
and visual analytics systems, spatial data mining and image processing com- 

putational algorithms, and virtual navigation and simulation modeling tools 

configure 3D immersive environments. This systematic literature review pre- 
sents the published peer-reviewed sources covering how synthetic artificial 

intelligence and 3D holographic virtual images, computational modeling and 

simulation tools, and Internet of Things digital twins optimize augmented 
reality-powered immersive spaces. The research outcomes drawn from 

the above analyses indicate that 3D computer vision and digital twinning 

technologies, decision intelligence and modelling tools, and geolocation data 

mining and tracking enable synthetic simulation environments. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 
indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on remote sensing data fusion techniques, multimodal behavioral 

predictive and mobile location analytics, and spatial cognition and context 
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awareness algorithms in the metaverse economy may have been excluded. 

Limitations of this research comprise particular kinds of publications (original 
empirical research and review articles) discounting others (conference pro- 

ceedings articles, books, and editorial materials). The scope of our study also 

does not move forward the inspection of 3D computational modeling and se- 
mantic sensor technologies, spatial data mapping and digital twin simulation 

tools, and deep learning computer vision and 3D image processing algorithms.  

      Subsequent analyses should develop on 3D image and synthesis gener- 

ation, voice and gesture recognition tools, and haptic and biometric sensor 
technologies. Future research should thus investigate decision support and 

deep reinforcement learning tools, cognitive enhancement and digital contact 

tracing technologies, and crowd navigation and visual cognitive algorithms. 
Attention should be directed to metaverse and immersive technologies, digital 

twin simulation and virtual navigation tools, and distributed sensor and deep 

convolutional neural networks. 
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1. Introduction 
 

Immersive virtual reality experiences can be achieved through photorealistic 

synthetic images and data, sensorial and cognitive technologies, and motion 
planning and brain-inspired artificial intelligence algorithms. The purpose of 

my systematic review is to examine the recently published literature on im- 

mersive multisensory virtual spaces and integrate the insights it configures on 

extended reality-based metaverse technologies, predictive geospatial modeling 
and simulation tools, and image processing computational and visual cognitive 

algorithms. By analyzing the most recent (2022–2023) and significant (Web 

of Science, Scopus, and ProQuest) sources, my paper has attempted to prove 
that decentralized 3D virtual spaces require visual and spatial intelligence 

tools, computer vision and cognitive artificial intelligence algorithms  

(Andronie et al., 2023; Lăzăroiu et al., 2017; Nica, 2018), and immersive 
and extended reality technologies. The actuality and novelty of this study are 

articulated by addressing immersive hyper-connected virtual spaces and 

the decentralized metaverse, that is an emerging topic involving much interest. 

My research problem is whether photorealistic 3D environments integrate 
virtual navigation and image recognition tools  (Balcerzak et al., 2022; 

Lăzăroiu et al., 2022a; Nica et al., 2023), remote sensing and environment 

mapping algorithms, and eye-tracking and user identification technologies.  
      In this review, prior findings have been cumulated indicating that pre- 

dictive modeling and socio-spatial analytics tools (Cegarra Navarro et al., 

2023; Lăzăroiu et al., 2022b; Popescu et al., 2017a), data fusion and dynamic 
routing technologies, and human digital twin and network virtualization 

systems optimize the blockchain-based virtual economy. The identified gaps 

advance spatial computing and digital twinning technologies (Dabija et al., 

2022; Lewkowich, 2022; Popescu et al., 2017b; Vătămănescu et al., 2020), 
simulation modeling and virtual reality-based data analytics tools (Kliestik et 

al., 2020; Morley, 2022a; Popescu, 2018; Watson, 2022), and metaverse en- 

gagement metrics. My main objective is to indicate that virtual reality-based 
immersive experiences can be attained by use of wearable haptic garments, 

haptic and sensory technologies, and movement and behavior tracking tools.  

 
2. Theoretical Overview of the Main Concepts 
 

Extended reality environments develop on intelligent connectivity infrastruc- 

tures, 3D virtual environment mapping and digital twin modeling tools, and 
spatio-temporal fusion and deep learning algorithms. Hyperconnected virtual 

experiences can be achieved by use of ambient sound and voice recognition 

software, eye-tracking and affective computing technologies, and biometrics 

data fusion. The manuscript is organized as following: theoretical overview 
(section 2), methodology (section 3), digital twin simulation and data model- 
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ing tools, ambient sound and voice recognition software, and deep learning-

based sensing and 3D virtual immersive technologies in the decentralized and 
interconnected metaverse (section 4), metaverse engagement metrics, spatial 

computing and digital twinning technologies, and motion planning and 

brain-inspired artificial intelligence algorithms in immersive multisensory 
virtual spaces (section 5), multimodal sensing and big data computing 

systems, spatio-temporal fusion and deep learning algorithms, and virtual 

navigation and image recognition tools in blockchain-based metaverse and 

immersive 3D environments (section 6), discussion (section 7), synopsis of 
the main research outcomes (section 8), conclusions (section 9), limitations, 

implications, and further directions of research (section 10). 

 
3. Methodology 
 

Throughout January 2023, a quantitative literature review of the Web of 

Science, Scopus, and ProQuest databases was performed, with search terms 

including “immersive multisensory virtual spaces” + “extended reality-based 
metaverse technologies,” “predictive geospatial modeling and simulation 

tools,” and “image processing computational and visual cognitive algorithms.” 

As research published between 2022 and 2023 was inspected, only 172 

articles satisfied the eligibility criteria. By taking out controversial or am- 
biguous findings (insufficient/irrelevant data), outcomes unsubstantiated by 

replication, too general material, or studies with nearly identical titles, I  

selected 33 mainly empirical sources (Tables 1 and 2). Data visualization 
tools: Dimensions (bibliometric mapping) and VOSviewer (layout algo- 

rithms). Reporting quality assessment tool: PRISMA. Methodological quality 

assessment tools include: AMSTAR, Dedoose, Distiller SR, and SRDR 
(Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

immersive multisensory virtual spaces +  

extended reality-based metaverse technologies 

60 12 

immersive multisensory virtual spaces +  
predictive geospatial modeling and simulation tools 

58 11 

immersive multisensory virtual spaces + image processing 

computational and visual cognitive algorithms 

54 10 

Type of paper   

Original research 142 22 

Review 20 11 

Conference proceedings 9 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the author. Some topics overlap. 
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Figure 1 Co-authorship 

 

 
Figure 2 Citation 
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Figure 3 Bibliographic coupling 

 
Figure 4 Co-citation 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Behavioral predictive and mobile location  

analytics, distributed decision and control 

algorithms, and virtual mapping and spatial  

data visualization tools further the decentralized  

and interconnected metaverse. 

Huang et al., 2023; 

Rostami and Maier,  

2022; Xu et al., 2023a 

Deep learning-based sensing and 3D virtual 

immersive technologies, digital twin simulation  

and data modeling tools, and location intelligence 

data assist immersive hyper-connected virtual  

spaces and the decentralized metaverse. 

Dolata and Schwabe, 

2023; Morley, 2022b;  

Tang et al., 2023; Xu  

et al., 2023b 

Real-time and behavioral predictive analytics, 
perception and planning algorithms, and virtual 

navigation and geospatial mapping tools configure 

immersive 3D virtual environments. 

Beckett, 2022; Giang 
Barrera and Shah, 2023; 

Han et al., 2022; Zhang  

et al., 2022 

The decentralized metaverse necessitate 3D virtual 

environment mapping and simulation modeling 

tools, virtual mapping and deep learning-based 

image processing algorithms, and machine 

perception and ambient intelligence technologies. 

Daneshfar and Jamshidi, 

2023; Mircică, 2022; 

Queiroz et al., 2023; Van 

Huynh et al., 2022 

Spatial computing and digital twinning technologies, 

simulation modeling and virtual reality-based data 

analytics tools, and metaverse engagement metrics 

enable extended reality environments. 

Gauttier et al., 2022; Lv et 

al., 2022; Yoo et al., 2023) 

Data stream clustering and spatio-temporal fusion 

algorithms, 3D modeling and automated speech 
recognition tools, and monitoring and sensing 

technologies articulate immersive multisensory 

virtual spaces. 

Braud et al., 2022; Shen, 

2022; Zallio and Clarkson, 
2022 

Immersive visualization and explainable artificial 

intelligence-based decision support systems, 

wearable scent and cloud-based cognitive 

technologies, and digital twin simulation and visual 

imagery tools articulate the blockchain-based 

metaverse and immersive 3D environments. 

Bojic, 2022; Faraboschi et 

al., 2022; Li et al., 2023; 

Zarantonello and Schmitt, 

2023 

Multimodal sensing and big data computing systems, 

deep learning-based ambient sound processing, and 

Internet of Things digital twins optimize the 

interconnected metaverse and photorealistic 
synthetic environments. 

Aloqaily et al.,  

2022; Chen, 2022; 

Panagiotakopoulos et al., 

2022; Xian et al., 2023 

Geospatial big data and real-time predictive 

analytics, conversational artificial intelligence and 

deep learning forecasting algorithms, and data 

visualization and virtual twin modeling tools assist 

extended reality environments. 

Ahn et al., 2023; Ding et 

al., 2022; Popescu et al., 

2022; Smart, 2022 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 
spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 
Web of Science search 

(n = 111) 

 

Records identified through 
Scopus and ProQuest search 

(n = 172) 

Records after duplicates removed 

(n = 172) 

 

Records screened 
(n = 172) 

 

Full-text articles 

assessed for eligibility 
(n = 126) 

 

Studies included in 
qualitative synthesis 

(n = 33) 

 

Full-text articles 
excluded, with reasons 

(n = 93): 
 

Out of scope (n = 31), 
Insufficient detail (n = 30), 

Limited rigor (n = 32) 

 

Records excluded 
(n = 46) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  
Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 
study designs. 

 
Distiller SR screened and extracted the collected data. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 
Dedoose analyzed qualitative and mixed methods research. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 
 

Figure 6 Screening and quality assessment tools 
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4. Digital Twin Simulation and Data Modeling Tools, Ambient Sound  

    and Voice Recognition Software, and Deep Learning-based Sensing  

    and 3D Virtual Immersive Technologies in the Decentralized  

    and Interconnected Metaverse 
 

Behavioral predictive and mobile location analytics, distributed decision and 

control algorithms, and virtual mapping and spatial data visualization tools 

(Huang et al., 2023; Rostami and Maier, 2022; Xu et al., 2023a) further 
the decentralized and interconnected metaverse. Edge computing and real-

time 3D rendering technologies, data acquisition and image recognition 

tools, computer vision and deep learning forecasting algorithms enable 3D 
immersive environments. Decentralized 3D virtual spaces require visual and 

spatial intelligence tools, computer vision and cognitive artificial intelligence 

algorithms, and immersive and extended reality technologies. 
Deep learning-based sensing and 3D virtual immersive technologies, 

digital twin simulation and data modeling tools, and location intelligence 

data (Dolata and Schwabe, 2023; Morley, 2022b; Tang et al., 2023; Xu et al., 

2023b) assist immersive hyper-connected virtual spaces and the decentralized 
metaverse. Immersive virtual experiences can be attained through environ- 

ment perception sensors, bio-inspired artificial vision and automated speech 

recognition systems, and user behavior data mining. 
Real-time and behavioral predictive analytics, perception and planning 

algorithms, and virtual navigation and geospatial mapping tools (Beckett, 

2022; Giang Barrera and Shah, 2023; Han et al., 2022; Zhang et al., 2022) 
configure immersive 3D virtual environments. Hyperconnected virtual 

experiences can be achieved by use of ambient sound and voice recognition 

software, eye-tracking and affective computing technologies, and biometrics 

data fusion. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Behavioral predictive and mobile location  

analytics, distributed decision and control 

algorithms, and virtual mapping and spatial  

data visualization tools further the decentralized  

and interconnected metaverse. 

Huang et al., 2023; 

Rostami and Maier,  

2022; Xu et al., 2023a 

Deep learning-based sensing and 3D virtual 
immersive technologies, digital twin simulation  

and data modeling tools, and location intelligence 

data assist immersive hyper-connected virtual  

spaces and the decentralized metaverse. 

Dolata and Schwabe, 
2023; Morley, 2022b;  

Tang et al., 2023; Xu  

et al., 2023b 

Real-time and behavioral predictive analytics, 

perception and planning algorithms, and virtual 

navigation and geospatial mapping tools configure 

immersive 3D virtual environments. 

Beckett, 2022; Giang 

Barrera and Shah, 2023; 

Han et al., 2022; Zhang  

et al., 2022 
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5. Metaverse Engagement Metrics, Spatial Computing  

    and Digital Twinning Technologies, and Motion Planning  

    and Brain-inspired Artificial Intelligence Algorithms  

    in Immersive Multisensory Virtual Spaces 
 

The decentralized metaverse (Daneshfar and Jamshidi, 2023; Mircică, 2022; 

Queiroz et al., 2023; Van Huynh et al., 2022) necessitate 3D virtual envi- 

ronment mapping and simulation modeling tools, virtual mapping and deep 
learning-based image processing algorithms, and machine perception and 

ambient intelligence technologies. Virtual reality-based immersive experi- 

ences can be attained by use of wearable haptic garments, haptic and sensory 
technologies, and movement and behavior tracking tools. 

Spatial computing and digital twinning technologies, simulation model- 

ing and virtual reality-based data analytics tools, and metaverse engagement 
metrics (Gauttier et al., 2022; Lv et al., 2022; Yoo et al., 2023) enable 

extended reality environments. Immersive virtual reality experiences can be 

achieved through photorealistic synthetic images and data, sensorial and 

cognitive technologies, and motion planning and brain-inspired artificial 
intelligence algorithms. 3D object recognition and visual immersion tech- 

nologies, 3D virtual space networking and virtual twin modeling tools, and 

location intelligence data  further immersive and interoperable spaces. 
Data stream clustering and spatio-temporal fusion algorithms, 3D model- 

ing and automated speech recognition tools, and monitoring and sensing 

technologies (Braud et al., 2022; Shen, 2022; Zallio and Clarkson, 2022) 
articulate immersive multisensory virtual spaces. Modeling and forecasting 

tools, geospatial mapping and cloud computing technologies, and computer 

vision and navigation systems shape interconnected virtual worlds and 3D 

immersive environments. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

The decentralized metaverse necessitate 3D virtual 

environment mapping and simulation modeling 

tools, virtual mapping and deep learning-based 

image processing algorithms, and machine 

perception and ambient intelligence technologies. 

Daneshfar and Jamshidi, 

2023; Mircică, 2022; 

Queiroz et al., 2023;  

Van Huynh et al., 2022 

Spatial computing and digital twinning technologies, 
simulation modeling and virtual reality-based data 

analytics tools, and metaverse engagement metrics 

enable extended reality environments. 

Gauttier et al., 2022; Lv et 
al., 2022; Yoo et al., 2023 

Data stream clustering and spatio-temporal fusion 

algorithms, 3D modeling and automated speech 

recognition tools, and monitoring and sensing 

technologies articulate immersive multisensory 

virtual spaces. 

Braud et al., 2022; Shen, 

2022; Zallio and Clarkson, 

2022 
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6. Multimodal Sensing and Big Data Computing Systems,  

    Spatio-Temporal Fusion and Deep Learning Algorithms,  

    and Virtual Navigation and Image Recognition Tools in  

    Blockchain-based Metaverse and Immersive 3D Environments 
 

Immersive visualization and explainable artificial intelligence-based decision 
support systems, wearable scent and cloud-based cognitive technologies, and 

digital twin simulation and visual imagery tools (Bojic, 2022; Faraboschi et 

al., 2022; Li et al., 2023; Zarantonello and Schmitt, 2023) articulate the block- 
chain-based metaverse and immersive 3D environments. Predictive modeling 

and socio-spatial analytics tools, data fusion and dynamic routing technol- 

ogies, and human digital twin and network virtualization systems optimize 
the blockchain-based virtual economy. 

Multimodal sensing and big data computing systems, deep learning-based 

ambient sound processing, and Internet of Things digital twins (Aloqaily et 

al., 2022; Chen, 2022; Panagiotakopoulos et al., 2022; Xian et al., 2023) 
optimize the interconnected metaverse and photorealistic synthetic environ- 

ments. Extended reality environments develop on intelligent connectivity 

infrastructures, 3D virtual environment mapping and digital twin modeling 
tools, and spatio-temporal fusion and deep learning algorithms. 

Geospatial big data and real-time predictive analytics, conversational 

artificial intelligence and deep learning forecasting algorithms, and data  
visualization and virtual twin modeling tools (Ahn et al., 2023; Ding et al., 

2022; Popescu et al., 2022; Smart, 2022) assist extended reality environ- 

ments. Photorealistic 3D environments integrate virtual navigation and image 

recognition tools, remote sensing and environment mapping algorithms, and 
eye-tracking and user identification technologies. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Immersive visualization and explainable artificial 

intelligence-based decision support systems, 

wearable scent and cloud-based cognitive 

technologies, and digital twin simulation and visual 

imagery tools articulate the blockchain-based 

metaverse and immersive 3D environments. 

Bojic, 2022; Faraboschi et 

al., 2022; Li et al., 2023; 

Zarantonello and Schmitt, 

2023 

Multimodal sensing and big data computing systems, 

deep learning-based ambient sound processing, and 

Internet of Things digital twins optimize the 

interconnected metaverse and photorealistic 

synthetic environments. 

Aloqaily et al.,  

2022; Chen, 2022; 

Panagiotakopoulos et al., 

2022; Xian et al., 2023 

Geospatial big data and real-time predictive 

analytics, conversational artificial intelligence and 
deep learning forecasting algorithms, and data 

visualization and virtual twin modeling tools assist 

extended reality environments. 

Ahn et al., 2023; Ding et 

al., 2022; Popescu et al., 
2022; Smart, 2022 
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7. Discussion 
 

I integrate my systematic review throughout research indicating how virtual 

reality-based immersive experiences can be attained by use of wearable hap- 
tic garments, haptic and sensory technologies, and movement and behavior 

tracking tools. My research complements recent analyses clarifying how 

modeling and forecasting tools, geospatial mapping and cloud computing 

technologies, and computer vision and navigation systems shape intercon- 
nected virtual worlds and 3D immersive environments. I elucidate, by cumu- 

lative evidence, previous research demonstrating how decentralized 3D virtual 

spaces require visual and spatial intelligence tools, computer vision and 
cognitive artificial intelligence algorithms, and immersive and extended 

reality technologies. 

 
8. Synopsis of the Main Research Outcomes 
 

3D object recognition and visual immersion technologies, 3D virtual space 

networking and virtual twin modeling tools, and location intelligence data  
further immersive and interoperable spaces. Edge computing and real-time 

3D rendering technologies, data acquisition and image recognition tools,  

computer vision and deep learning forecasting algorithms enable 3D immer- 

sive environments.  

 
9. Conclusions 
 

Relevant research has investigated whether photorealistic 3D environments 
integrate virtual navigation and image recognition tools, remote sensing and 

environment mapping algorithms, and eye-tracking and user identification 

technologies. This systematic literature review presents the published peer-
reviewed sources covering how immersive virtual experiences can be attained 

through environment perception sensors, bio-inspired artificial vision and 

automated speech recognition systems, and user behavior data mining.  
The research outcomes drawn from the above analyses indicate that pre- 

dictive modeling and socio-spatial analytics tools, data fusion and dynamic 

routing technologies, and human digital twin and network virtualization sys- 

tems optimize the blockchain-based virtual economy. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 
indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on extended reality-based metaverse technologies, predictive geo- 

spatial modeling and simulation tools, and image processing computational 
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and visual cognitive algorithms in immersive multisensory virtual spaces may 

have been excluded. Limitations of this research comprise particular kinds of 
publications (original empirical research and review articles) discounting 

others (conference proceedings articles, books, and editorial materials). 

The scope of my study also does not move forward the inspection of  
behavioral predictive and mobile location analytics, distributed decision and 

control algorithms, and virtual mapping and spatial data visualization tools.  

      Subsequent analyses should develop on data stream clustering and spatio-

temporal fusion algorithms, 3D modeling and automated speech recognition 
tools, and monitoring and sensing technologies. Future research should thus 

investigate geospatial big data and real-time predictive analytics, conver- 

sational artificial intelligence and deep learning forecasting algorithms, and 
data visualization and virtual twin modeling tools. Attention should be 

directed to immersive visualization and explainable artificial intelligence-

based decision support systems, wearable scent and cloud-based cognitive 

technologies, and digital twin simulation and visual imagery tools. 
 

 
Sofia Bratu, https://orcid.org/0000-0002-1596-4676 

 

Compliance with ethical standards 

This article does not contain any studies with human participants or animals per- 

formed by the author. Extracting and inspecting publicly accessible files (scholarly 

sources) as evidence, before the research began no institutional ethics approval was 

required. 
 

Data availability statement 

All data generated or analyzed are included in the published article. 
 

Funding information 

This paper was supported by Grant GE-1764317 from the Cyber-Physical Process 

Monitoring Systems Laboratory, Norwich, England. The funder had no role in 

study design, data collection analysis, and interpretation, decision to submit the man- 

uscript for publication, or the preparation and writing of this paper. 
 

Author contributions 

The author confirms being the sole contributor of this work and approved it for 
publication. The author takes full responsibility for the accuracy and the integrity of 

the data analysis. 
 

Conflict of interest statement 

The author declares that the research was conducted in the absence of any commercial 

or financial relationships that could be construed as a potential conflict of interest.  
 

Disclosure by the editors of record  

The editors declare no conflict of interest in the review and publication decision 

regarding this article. 
 



 107 

REFERENCES 
 

Ahn, S. J. (G.), Kim, J., and Kim, J. (2023). “The Future of Advertising Research in 

Virtual, Augmented, and Extended Realities,” International Journal of Advertising 

42(1): 162–170. doi: 10.1080/02650487.2022.2137316. 

Aloqaily, M., Bouachir, O., Karray, F., Ridhawi, I. A., and Saddik, A. E. (2022). 

“Integrating Digital Twin and Advanced Intelligent Technologies to Realize 

the Metaverse,” IEEE Consumer Electronics Magazine. doi: 10.1109/MCE. 

2022.3212570. 

Andronie, M., Lăzăroiu, G., Karabolevski, O. L., Ștefănescu, R., Hurloiu, I., Dijmărescu, 

A., et al. (2023). “Remote Big Data Management Tools, Sensing and Computing 

Technologies, and Visual Perception and Environment Mapping Algorithms in 

the Internet of Robotic Things,” Electronics 12(1): 22. doi: 10.3390/electronics 
12010022. 

Balcerzak, A. P., Nica, E., Rogalska, E., Poliak, M., Klieštik, T., and Sabie, O.-M. 

(2022). “Blockchain Technology and Smart Contracts in Decentralized Gover- 

nance Systems,” Administrative Sciences 12: 96. doi: 10.3390/admsci12030096. 

Beckett, S. (2022). “Virtual Retail Algorithms, Behavioral Predictive Analytics, and 

Geospatial Mapping Technologies in the Decentralized Metaverse,” Review of 

Contemporary Philosophy 21: 154–170. doi: 10.22381/RCP21202210. 

Bojic, L. (2022). “Metaverse through the Prism of Power and Addiction: What Will 

Happen when the Virtual World Becomes More Attractive than Reality?,” European 

Journal of Futures Research 10: 22. doi: 10.1186/s40309-022-00208-4. 

Braud, T., Lee, L.-H., Alhilal, A., Fernández, C. B., and Hui, P. (2022). “DiOS – An 
Extended Reality Operating System for the Metaverse,” IEEE MultiMedia. doi: 

10.1109/MMUL.2022.3211351. 

Cegarra Navarro, J. G., Brătianu, C., Martinez Martinez, A., Vătămănescu, E. M., 

and Dabija, D.-C. (2023). “Creating Civic and Public Engagement by a Proper 

Balance between Emotional, Rational, and Spiritual Knowledge,” Journal of 

Knowledge Management. doi: 10.1108/JKM-07-2022-0532.  

Chen, S.-C. (2022). “Multimedia Research toward the Metaverse,” IEEE MultiMedia 

29(1): 125–127. doi: 10.1109/MMUL.2022.3156185. 

Dabija, D.-C., Csorba, L. M., Isac, F-L., and Rusu, S. (2022). “Building Trust toward 

Sharing Economy Platforms beyond the COVID-19 Pandemic,” Electronics 

11(18): 2916. doi: 10.3390/electronics11182916. 

Daneshfar, F., and Jamshidi, M. (B.) (2023). “An Octonion-based Nonlinear Echo 
State Network for Speech Emotion Recognition in Metaverse,” Neural Networks 

163: 108–121. doi: 10.1016/j.neunet.2023.03.026. 

Ding, S., Kou, L., and Wu, T. (2022). “A GAN-Based Intrusion Detection Model for 

5G Enabled Future Metaverse,” Mobile Networks and Applications 27: 2596–

2610. doi: 10.1007/s11036-022-02075-6. 

Dolata, M., and Schwabe, G. (2023). “What Is the Metaverse and Who Seeks to 

Define It? Mapping the Site of Social Construction,” Journal of Information 

Technology. doi: 10.1177/02683962231159927. 

Faraboschi, P., Frachtenberg, E., Laplante, P., Milojicic, D., and Saracco, R. (2022). 

“Virtual Worlds (Metaverse): From Skepticism, to Fear, to Immersive Oppor- 

tunities,” Computer 55(10): 100–106. doi: 10.1109/MC.2022.3192702. 



 108 

Gauttier, S., Simouri, W., and Milliat, A. (2022). “When to Enter the Metaverse: 

Business Leaders Offer Perspectives,” Journal of Business Strategy. doi: 

10.1108/JBS-08-2022-0149.  

Giang Barrera, K., and Shah, D. (2023). “Marketing in the Metaverse: Conceptual 

Understanding, Framework, and Research Agenda,” Journal of Business Research 

155(A): 113420. doi: 10.1016/j.jbusres.2022.113420. 

Han, D.-I. D., Bergs, Y., and Moorhouse, N. (2022). “Virtual Reality Consumer 

Experience Escapes: Preparing for the Metaverse,” Virtual Reality 26: 1443–
1458. doi: 10.1007/s10055-022-00641-7. 

Huang, Y., Li, Y. J., and Cai, Z. (2023). “Security and Privacy in Metaverse: A Com- 

prehensive Survey,” Big Data Mining and Analytics 6(2): 234–247. doi: 10.26599/ 

BDMA.2022.9020047. 

Kliestik, T., Valaskova, K., Lăzăroiu, G., Kovacova, M., and Vrbka, J. (2020). “Re- 

maining Financially Healthy and Competitive: The Role of Financial Predictors,” 

Journal of Competitiveness 12(1): 74–92. doi: 10.7441/joc.2020.01.05. 

Lăzăroiu, G., Pera, A., Ștefănescu-Mihăilă, R. O., Mircică, N., and Neguriță, O. 

(2017). “Can Neuroscience Assist Us in Constructing Better Patterns of  

Economic Decision-Making?,” Frontiers in Behavioral Neuroscience 11: 188. 

doi: 10.3389/ fnbeh.2017.00188.  

Lăzăroiu, G., Androniceanu, A., Grecu, I., Grecu, G., and Neguriță, O. (2022a). 
“Artificial Intelligence-based Decision-Making Algorithms, Internet of Things 

Sensing Networks, and Sustainable Cyber-Physical Management Systems in Big 

Data-driven Cognitive Manufacturing,” Oeconomia Copernicana 13(4): 1045– 

1078. doi: 10.24136/oc.2022.030. 

Lăzăroiu, G., Andronie, M., Iatagan, M., Geamănu, M., Ștefănescu, R., and Dijmă- 

rescu, I. (2022b). “Deep Learning-Assisted Smart Process Planning, Robotic 

Wireless Sensor Networks, and Geospatial Big Data Management Algorithms in 

the Internet of Manufacturing Things,” ISPRS International Journal of  

GeoInformation 11(5): 277. doi: 10.3390/ijgi11050277. 

Lewkowich, D. (2022). “ASMR Literacies: Toward a Posthuman Structure of Feel- 

ing,” Knowledge Cultures 10(2): 123–144. doi: 10.22381/kc10220226. 
Li, X., Tian, Y., Ye, P., Duan, H., and Wang, F.-Y. (2023). “A Novel Scenarios En- 

gineering Methodology for Foundation Models in Metaverse,” IEEE Transactions 

on Systems, Man, and Cybernetics: Systems 53(4): 2148–2159. doi: 10.1109/ 

TSMC.2022.3228594. 

Lv, Z., Qiao, L., Li, Y., Yuan, Y., and Wang, F.-Y. (2022). “BlockNet: Beyond 

Reliable Spatial Digital Twins to Parallel Metaverse,” Patterns 3(5): 100468. 

doi: 10.1016/j.patter.2022.100468. 

Mircică, N. (2022). “Immersive and Engaging Digital Content, Data Visualization 

Tools, and Location Analytics in a Decentralized Metaverse,” Linguistic and 

Philosophical Investigations 21: 89–104. doi: 10.22381/lpi2120226. 

Morley, N. (2022a). “Autonomous Vehicle Ethics in Networked Transport Systems: 
Spatial Cognition Algorithms, Mobility Data Processing Tools, and Deep 

Learning-based Sensing Technologies,” Contemporary Readings in Law and 

Social Justice 14(2): 82–99. doi: 10.22381/CRLSJ14220225. 

Morley, N. (2022b). “Perception and Cognition Algorithms, Simulation Modeling and 

Data Visualization Tools, and Spatial Computing and Immersive Technologies 

https://doi.org/10.22381/kc10220226


 109 

in the Metaverse Interactive Environment,” Analysis and Metaphysics 21: 244–

260. doi: 10.22381/am21202215. 

Nica, E. (2018). “The Social Concretisation of Educational Postmodernism,”  

Educational Philosophy and Theory 50(14): 1659–1660. doi: 10.1080/0013 

1857.2018.1461364. 

Nica, E., Popescu, G. H., Poliak, M., Kliestik, T., and Sabie, O.-M. (2023). “Digital 

Twin Simulation Tools, Spatial Cognition Algorithms, and Multi-Sensor Fusion 

Technology in Sustainable Urban Governance Networks,” Mathematics 11(9): 
1981. doi: 10.3390/math11091981. 

Panagiotakopoulos, D., Marentakis, G., Metzitakos, R., Deliyannis, I., and Dedes, F. 

(2022). “Digital Scent Technology: Toward the Internet of Senses and the Meta- 

verse,” IT Professional 24(3): 52–59. doi: 10.1109/MITP.2022.3177292. 

Popescu, G. H., Nica, E., Ciurlău, F. C., Comănescu, M., and Bițoiu, T. (2017a). 

“Stabilizing Valences of an Optimum Monetary Zone in a Resilient Economy – 

Approaches and Limitations,” Sustainability 9(6): 1051. doi: 10.3390/su9061051. 

Popescu, G. H., Sima, V., Nica, E., and Gheorghe, I. G. (2017b). “Measuring Sustain- 

able Competitiveness in Contemporary Economies – Insights from European 

Economy,” Sustainability 9(7): 1230. doi: 10.3390/su9071230. 

Popescu, G. H. (2018). “Has Postmodernism the Potential to Reshape Educational 

Research and Practice?,” Educational Philosophy and Theory 50(14): 1490–
1491. doi: 10.1080/00131857.2018.1461376. 

Popescu, G. H., Valaskova, K., and Horak, J. (2022). “Augmented Reality Shopping 

Experiences, Retail Business Analytics, and Machine Vision Algorithms in  

the Virtual Economy of the Metaverse,” Journal of Self-Governance and 

Management Economics 10(2): 67–81. doi: 10.22381/jsme10220225. 

Queiroz, M. M., Fosso Wamba, S., Pereira, S. C. F., and Chiappetta Jabbour, C. J. 

(2023). “The Metaverse as a Breakthrough for Operations and Supply Chain 

Management: Implications and Call for Action,” International Journal of 

Operations & Production Management. doi: 10.1108/IJOPM-01-2023-0006. 

Rostami, S., and Maier, M. (2022). “The Metaverse and Beyond: Implementing 

Advanced Multiverse Realms with Smart Wearables,” IEEE Access 10: 110796–
110806. doi: 10.1109/ACCESS.2022.3215736. 

Smart, P. (2022). “Minds in the Metaverse: Extended Cognition Meets Mixed  

Reality,” Philosophy & Technology 35: 87. doi: 10.1007/s13347-022-00580-w. 

Shen, S. (2022). “Metaverse-driven New Energy of Chinese Traditional Culture 

Education: Edge Computing Method,” Evolutionary Intelligence. doi: 10.1007/ 

s12065-022-00757-4. 

Tang, F., Chen, X., Zhao, M., and Kato, N. (2023). “The Roadmap of Communication 

and Networking in 6G for the Metaverse,” IEEE Wireless Communications. doi: 

10.1109/MWC.019.2100721. 

Van Huynh, D., Khosravirad, S. R., Masaracchia, A., Dobre, O. A., and Duong, T. 

Q. (2022). “Edge Intelligence-based Ultra-Reliable and Low-Latency Communi- 
cations for Digital Twin-enabled Metaverse,” IEEE Wireless Communications 

Letters 11(8): 1733–1737. doi: 10.1109/LWC.2022.3179207. 

Vătămănescu, E.-M., Alexandru, V.-A., Mitan, A., and Dabija, D.-C. (2020). “From 

the Deliberate Managerial Strategy towards International Business Performance: 

A Psychic Distance vs. Global Mindset Approach,” Systems Research and 

Behavioral Science 37(2): 374–387. doi: 10.1002/sres.2658. 



 110 

Watson, R. (2022). “Tradeable Digital Assets, Immersive Extended Reality Tech- 

nologies, and Blockchain-based Virtual Worlds in the Metaverse Economy,” 

Smart Governance 1(1): 7–20. doi: 10.22381/sg1120221. 

Xian, W., Yu, K., Han, F., Fang, L., He, D., and Han, Q.-L. (2023). “Advanced Man- 

ufacturing in Industry 5.0: A Survey of Key Enabling Technologies and Future 

Trends,” IEEE Transactions on Industrial Informatics. doi: 10.1109/TII.2023. 

3274224. 

Xu, M., Ng, W. C., Lim, W. Y. B., Kang, J., Xiong, Z., Niyato, D., et al. (2023a). 
“A Full Dive Into Realizing the Edge-Enabled Metaverse: Visions, Enabling 

Technologies, and Challenges,” IEEE Communications Surveys & Tutorials 

25(1): 656–700. doi: 10.1109/COMST.2022.3221119. 

Xu, Y., Liu, W., He, T., and Tsai, S.-B. (2023b). “Buzzword or Fuzzword: An Event 

Study of the Metaverse in the Chinese Stock Market,” Internet Research. doi: 

10.1108/INTR-07-2022-0526. 

Yoo, K., Welden, R., Hewett, K., and Haenlein, M. (2023). “The Merchants of Meta: 

A Research Agenda to Understand the Future of Retailing in the Metaverse,” 

Journal of Retailing. doi: 10.1016/j.jretai.2023.02.002. 

Zallio, M., and Clarkson, P. J. (2022). “Designing the Metaverse: A Study on Inclu- 

sion, Diversity, Equity, Accessibility and Safety for Digital Immersive Environ- 

ments,” Telematics and Informatics 75: 101909. doi: 10.1016/j.tele.2022.101909. 
Zarantonello, L. and Schmitt, B. H. (2023). “Experiential AR/VR: A Consumer and 

Service Framework and Research Agenda,” Journal of Service Management 

34(1): 34–55. doi: 10.1108/JOSM-12-2021-0479. 

Zhang, G., Cao, J., Liu, D., and Qi, J (2022). “Popularity of the Metaverse: Embodied 

Social Presence Theory Perspective,” Frontiers in Psychology 13: 997751. doi: 

10.3389/fpsyg.2022.997751. 

 
 

 
 



 111 

 
 
 

Linguistic and Philosophical Investigations  
22, 2023, pp. 111–127, ISSN 1841-2394, eISSN 2471-0881                       

 
Tracking and Spatial Computing Technologies,  

Virtual Navigation and Ambient Scene Detection Tools, 
and Motion Planning and Remote Sensing Algorithms  

in the Metaverse 
 

Susan Aldridge* 
 

ABSTRACT. In this article, I cumulate previous research findings indicating that 

3D digital environments integrate geospatial mapping and digital contact tracing 

technologies, artificial vision and immersive visualization systems, and machine 

learning-based recognition and sensor fusion algorithms. I contribute to the literature 

on artificial vision and Internet of Things-based decision support systems, metaverse 

and immersive technologies, and spatial computing and simulation modeling algo- 

rithms by showing that ambient intelligence and shared virtual environments require 

user journey and big geospatial data analytics, virtual modeling and digital twin 

technologies, and image recognition and visual perception algorithms. Throughout 

December 2022, I performed a quantitative literature review of the Web of Science, 

Scopus, and ProQuest databases, with search terms including “the metaverse” + 

“tracking and spatial computing technologies,” “virtual navigation and ambient 
scene detection tools,” and “motion planning and remote sensing algorithms.” As I 

inspected research published between 2022 and 2023, only 167 articles satisfied the 

eligibility criteria. By eliminating controversial findings, outcomes unsubstantiated 

by replication, too imprecise material, or having similar titles, I decided upon 31, 

generally empirical, sources. Data visualization tools: Dimensions (bibliometric 

mapping) and VOSviewer (layout algorithms). Reporting quality assessment tool: 

PRISMA. Methodological quality assessment tools include: AXIS, Dedoose, ROBIS, 

and SRDR. 
 

Keywords: tracking and spatial computing technologies; virtual navigation and 

ambient scene detection tools; motion planning and remote sensing algorithms; 

metaverse 
 

How to cite: Aldridge, S. (2023). “Tracking and Spatial Computing Technologies, Virtual 
Navigation and Ambient Scene Detection Tools, and Motion Planning and Remote Sensing 
Algorithms in the Metaverse,” Linguistic and Philosophical Investigations 22: 111–127. doi: 
10.22381/lpi2220237. 

 

Received 27 January 2023 • Received in revised form 21 May 2023 
Accepted 24 May 2023 • Available online 30 May 2023 
 

 

*Sustainable and Smart Urban Transport Systems Laboratory at CLI, Portsmouth, England, 
susan.aldridge@aa-er.org. 



 112 

1. Introduction 
 

Machine learning-based image recognition and visual attention modeling 

tools, immersive visualization and extended cognitive systems, and 3D image 

processing and machine vision algorithms are instrumental in the blockchain-
based virtual economy. The purpose of my systematic review is to examine 

the recently published literature on the metaverse and integrate the insights it 

configures on tracking and spatial computing technologies, virtual navigation 
and ambient scene detection tools, and motion planning and remote sensing 

algorithms. By analyzing the most recent (2022–2023) and significant (Web 

of Science, Scopus, and ProQuest) sources, my paper has attempted to prove 

that virtual and augmented reality tools, spatial computing and ontology-
based semantic technologies, and deep learning and sensor path planning 

algorithms optimize immersive digital worlds. The actuality and novelty of 

this study are articulated by addressing artificial vision and Internet of Things-
based decision support systems, metaverse and immersive technologies, and 

spatial computing and simulation modeling algorithms (Andronie et al., 

2023; Kliestik et al., 2020; Novak et al., 2022; Popescu, 2018), that is an 
emerging topic involving much interest. My research problem is whether 3D 

digital environments integrate geospatial mapping and digital contact tracing 

technologies, artificial vision and immersive visualization systems (Balcerzak 

et al., 2022; Lăzăroiu et al., 2020; Pelau et al., 2021), and machine learning-
based recognition and sensor fusion algorithms. 

      In this review, prior findings have been cumulated indicating that block- 

chain-based metaverse platforms and the virtual environment of the metaverse 
necessitate visual imagery and data mining tools (Barbu et al., 2021; Nagy 

and Lăzăroiu, 2022; Pop et al., 2021), deep generative modeling and text 

mining techniques, and hyper-realistic immersive 3D simulations. The iden- 
tified gaps advance sensor-based object recognition and data sharing tech- 

nologies (Blake, 2022; Nagy et al., 2023; Popescu et al., 2017a), automated 

speech recognition and geospatial mapping tools, and deep learning and 

computer vision algorithms. My main objective is to indicate that ambient 
intelligence and shared virtual environments require user journey and big 

geospatial data analytics, virtual modeling and digital twin technologies  

(Jaramillo-Aristizabal, 2022; Nica et al., 2023; Popescu et al., 2017b), and 
image recognition and visual perception algorithms.  

       
2. Theoretical Overview of the Main Concepts 
 

Immersive interconnected virtual worlds necessitate spatial and sentiment  

analytics, deep learning-based sensing and immersive 3D technologies, and 
visual perception and immersive decentralized networking tools. Deep learn- 

ing and predictive modeling algorithms, data acquisition and virtual navigation 

tools, and sensing and computing technologies further immersive photo- 
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realistic virtual spaces. The manuscript is organized as following: theoretical 

overview (section 2), methodology (section 3), deep learning and predictive 
modeling algorithms, spatial computing and ontology-based semantic tech- 

nologies, and data acquisition and virtual navigation tools in the metaverse 

interactive environment (section 4), machine learning-based recognition and 
sensor fusion algorithms, socially-extended cognition and empathetic com- 

puting systems, and digital twin simulation and data visualization tools on 

blockchain-based metaverse platforms (section 5), metaverse and immersive 

technologies, 3D image processing and machine vision algorithms, and re- 
mote sensing and distributed autonomous control systems in the blockchain-

based virtual economy (section 6), discussion (section 7), synopsis of the main 

research outcomes (section 8), conclusions (section 9), limitations, implica- 
tions, and further directions of research (section 10). 

 
3. Methodology 
 

Throughout December 2022, I performed a quantitative literature review of 
the Web of Science, Scopus, and ProQuest databases, with search terms 

including “the metaverse” + “tracking and spatial computing technologies,” 

“virtual navigation and ambient scene detection tools,” and “motion planning 

and remote sensing algorithms.” As I inspected research published between 
2022 and 2023, only 167 articles satisfied the eligibility criteria. By elimi- 

nating controversial findings, outcomes unsubstantiated by replication, too 

imprecise material, or having similar titles, I decided upon 31, generally 
empirical, sources (Tables 1 and 2). Data visualization tools: Dimensions 

(bibliometric mapping) and VOSviewer (layout algorithms). Reporting 

quality assessment tool: PRISMA. Methodological quality assessment tools 
include: AXIS, Dedoose, ROBIS, and SRDR (Figures 1–6). 

 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

the metaverse + tracking and spatial  

computing technologies 

58 11 

the metaverse + virtual navigation  
and ambient scene detection tools 

56 10 

the metaverse + motion planning  

and remote sensing algorithms 

53 10 

Type of paper   

Original research 139 22 

Review 19 9 

Conference proceedings 8 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the author. Some topics overlap. 
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Figure 1 Co-authorship 

 

 
Figure 2 Citation 
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Figure 3 Bibliographic coupling 

 

 
Figure 4 Co-citation 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Movement and behavior tracking tools, 3D 

immersive virtual reality and spatial computing 

technologies, and computer vision and virtual 

simulation algorithms configure blockchain-based 

metaverse platforms. 

Golf-Papez et al., 2022;  

Li et al., 2023; Ramadan, 

2023; Zhou et al., 2023 

Situational awareness and path planning algorithms, 

haptic and multisensory technologies, and deep 

learning-based ambient sound processing and 

automated speech recognition tools configure  

the metaverse interactive environment. 

Dincelli and Yayla, 2022; 

Zheng and Yuan, 2023; 

Zvarikova et al., 2022 

3D modeling and simulation technologies, spatio-
temporal fusion and data-driven artificial intelligence 

algorithms, and simulation modeling and ambient 

intelligence tools articulate immersive digital worlds. 

Han et al., 2023a; 
Machova et al., 2022;  

Wu et al., 2023 

Modeling and forecasting tools, deep learning  

and 3D path planning algorithms, and digital 

twinning and remote sensing technologies shape 

blockchain-based metaverse platforms and 

immersive 3D worlds. 

Bordegoni and Ferrise, 

2023; Egliston and Carter, 

2022; McStay, 2023; Zhu 

et al., 2023 

Immersive metaverse experiences can be  

attained through socially-extended cognition  

and empathetic computing systems, user 

identification technology and location data,  

and spatial awareness and tracking tools. 

Durana et al., 2022; Giang 

Barrera and Shah, 2023; 

Mourtzis et al., 2022 

Sensor-based object recognition and data sharing 
technologies, automated speech recognition and 

geospatial mapping tools, and deep learning and 

computer vision algorithms assist interactive  

virtual and extended reality environments. 

Cao, 2022; Han et al., 
2023b; Valaskova et al., 

2022; Wongkitrungrueng 

and Suprawan, 2023 

Blockchain-based virtual worlds develop on  

artificial vision and Internet of Things-based 

decision support systems, metaverse and  

immersive technologies, and spatial computing  

and simulation modeling algorithms. 

Dwivedi et al., 2023; 

Hennig-Thurau et al., 

2022; McStay, 2022) 

Extended reality environments develop on data 

mining and smart environment modeling tools, 

convolutional neural and interoperable virtual 

networks, and metaverse assets and services. 

Huynh-The et al., 2023;  

Lv et al., 2022; Shi et al., 

2023 

Image processing and virtual navigation tools,  
3D imaging and display technologies, and  

computer vision and image detection algorithms 

enable extended reality environments. 

Kliestik et al., 2023; Njoku 
et al., 2023; Polas et al., 

2022; Zhang et al., 2023 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  
and at each stage the inclusion or exclusion of articles was tracked by use of custom 

spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

Records identified through 
Web of Science search 

(n = 108) 

 

Records identified through 

Scopus and ProQuest search 
(n = 167) 

Records after duplicates removed 

(n = 167) 

 

Records screened 
(n = 167) 

 

Full-text articles 

assessed for eligibility 
(n = 123) 

 

Studies included in 
qualitative synthesis 

(n = 31) 

 

Full-text articles 
excluded, with reasons 

(n = 92): 
 

Out of scope (n = 31), 
Insufficient detail (n = 30), 

Limited rigor (n = 31) 

 

Records excluded 
(n = 44) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  
and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  

Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 
harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 

study designs. 

 
Distiller SR screened and extracted the collected data. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

 
Dedoose analyzed qualitative and mixed methods research. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 

Figure 6 Screening and quality assessment tools 
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4. Deep Learning and Predictive Modeling Algorithms,  

    Spatial Computing and Ontology-based Semantic  

    Technologies, and Data Acquisition and Virtual  

    Navigation Tools in the Metaverse Interactive Environment 
 

Movement and behavior tracking tools, 3D immersive virtual reality and 

spatial computing technologies, and computer vision and virtual simulation 

algorithms (Golf-Papez et al., 2022; Li et al., 2023; Ramadan, 2023; Zhou et 
al., 2023) configure blockchain-based metaverse platforms. Deep learning and 

predictive modeling algorithms, data acquisition and virtual navigation tools, 

and sensing and computing technologies further immersive photorealistic 
virtual spaces. 

Situational awareness and path planning algorithms, haptic and multi- 

sensory technologies, and deep learning-based ambient sound processing and 
automated speech recognition tools (Dincelli and Yayla, 2022; Zheng and 

Yuan, 2023; Zvarikova et al., 2022) configure the metaverse interactive 

environment. Virtual and augmented reality tools, spatial computing and 

ontology-based semantic technologies, and deep learning and sensor path 
planning algorithms optimize immersive digital worlds. Synthetic user ex- 

periences can be achieved by use of haptic augmented reality, cognitive and 

behavioral algorithms, and digital scent and sentiment recognition technologies. 
3D modeling and simulation technologies, spatio-temporal fusion and 

data-driven artificial intelligence algorithms, and simulation modeling and 

ambient intelligence tools (Han et al., 2023a; Machova et al., 2022; Wu et 
al., 2023) articulate immersive digital worlds. Ambient intelligence and 

shared virtual environments require user journey and big geospatial data 

analytics, virtual modeling and digital twin technologies, and image recog- 

nition and visual perception algorithms. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Movement and behavior tracking tools, 3D 

immersive virtual reality and spatial computing 

technologies, and computer vision and virtual 

simulation algorithms configure blockchain-based 

metaverse platforms. 

Golf-Papez et al., 2022;  

Li et al., 2023; Ramadan, 

2023; Zhou et al., 2023 

Situational awareness and path planning algorithms, 
haptic and multisensory technologies, and deep 

learning-based ambient sound processing and 

automated speech recognition tools configure  

the metaverse interactive environment. 

Dincelli and Yayla, 2022; 
Zheng and Yuan, 2023; 

Zvarikova et al., 2022 

3D modeling and simulation technologies, spatio-

temporal fusion and data-driven artificial intelligence 

algorithms, and simulation modeling and ambient 

intelligence tools articulate immersive digital worlds. 

Han et al., 2023a; 

Machova et al., 2022;  

Wu et al., 2023 
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5. Machine Learning-based Recognition and Sensor Fusion Algorithms, 

    Socially-Extended Cognition and Empathetic Computing Systems,  

    and Digital Twin Simulation and Data Visualization Tools  

    on Blockchain-based Metaverse Platforms 
 

Modeling and forecasting tools, deep learning and 3D path planning algo- 

rithms, and digital twinning and remote sensing technologies (Bordegoni and 

Ferrise, 2023; Egliston and Carter, 2022; McStay, 2023; Zhu et al., 2023) 
shape blockchain-based metaverse platforms and immersive 3D worlds. 3D 

digital environments integrate geospatial mapping and digital contact tracing 

technologies, artificial vision and immersive visualization systems, and 
machine learning-based recognition and sensor fusion algorithms.  

Immersive metaverse experiences (Durana et al., 2022; Giang Barrera 

and Shah, 2023; Mourtzis et al., 2022) can be attained through socially-
extended cognition and empathetic computing systems, user identification 

technology and location data, and spatial awareness and tracking tools. 

Immersive interconnected virtual worlds necessitate spatial and sentiment  

analytics, deep learning-based sensing and immersive 3D technologies, and 
visual perception and immersive decentralized networking tools. 

Sensor-based object recognition and data sharing technologies, automated 

speech recognition and geospatial mapping tools, and deep learning and 
computer vision algorithms (Cao, 2022; Han et al., 2023b; Valaskova et al., 

2022; Wongkitrungrueng and Suprawan, 2023) assist interactive virtual and 

extended reality environments. Decentralized data and real-time event ana- 
lytics, digital twin simulation and data visualization tools, and neuromorphic 

computing and machine learning algorithms are pivotal in intelligent simu- 

lation environments. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Modeling and forecasting tools, deep learning  

and 3D path planning algorithms, and digital 

twinning and remote sensing technologies shape 

blockchain-based metaverse platforms and 

immersive 3D worlds. 

Bordegoni and Ferrise, 

2023; Egliston and Carter, 

2022; McStay, 2023; Zhu 

et al., 2023 

Immersive metaverse experiences can be  

attained through socially-extended cognition  

and empathetic computing systems, user 

identification technology and location data,  
and spatial awareness and tracking tools. 

Durana et al., 2022; Giang 

Barrera and Shah, 2023; 

Mourtzis et al., 2022 

Sensor-based object recognition and data sharing 

technologies, automated speech recognition and 

geospatial mapping tools, and deep learning and 

computer vision algorithms assist interactive  

virtual and extended reality environments. 

Cao, 2022; Han et al., 

2023b; Valaskova et al., 

2022; Wongkitrungrueng 

and Suprawan, 2023 
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6. Metaverse and Immersive Technologies, 3D Image Processing  

    and Machine Vision Algorithms, and Remote Sensing and  

    Distributed Autonomous Control Systems in  

    the Blockchain-based Virtual Economy 
 

Blockchain-based virtual worlds (Dwivedi et al., 2023; Hennig-Thurau et al., 

2022; McStay, 2022) develop on artificial vision and Internet of Things-based 

decision support systems, metaverse and immersive technologies, and spatial 
computing and simulation modeling algorithms. Machine learning-based image 

recognition and visual attention modeling tools, immersive visualization and 

extended cognitive systems, and 3D image processing and machine vision 
algorithms are instrumental in the blockchain-based virtual economy. 

Extended reality environments (Huynh-The et al., 2023; Lv et al., 2022; 

Shi et al., 2023) develop on data mining and smart environment modeling 
tools, convolutional neural and interoperable virtual networks, and metaverse 

assets and services. Decision support and virtual navigation tools, cognitive 

enhancement and artificial intelligence technologies, and geolocation data 

mining and tracking articulate extended reality environments. 
Image processing and virtual navigation tools, 3D imaging and display 

technologies, and computer vision and image detection algorithms (Kliestik 

et al., 2023; Njoku et al., 2023; Polas et al., 2022; Zhang et al., 2023) enable 
extended reality environments. Data mining and machine learning tech- 

niques, deep learning artificial intelligence and natural language processing 

tools, and remote sensing and distributed autonomous control systems assist 
immersive virtual environments. Blockchain-based metaverse platforms and 

the virtual environment of the metaverse necessitate visual imagery and data 

mining tools, deep generative modeling and text mining techniques, and 

hyper-realistic immersive 3D simulations. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Blockchain-based virtual worlds develop on  

artificial vision and Internet of Things-based 

decision support systems, metaverse and  

immersive technologies, and spatial computing  

and simulation modeling algorithms. 

Dwivedi et al., 2023; 

Hennig-Thurau et al., 

2022; McStay, 2022) 

Extended reality environments develop on data 
mining and smart environment modeling tools, 

convolutional neural and interoperable virtual 

networks, and metaverse assets and services. 

Huynh-The et al., 2023;  
Lv et al., 2022; Shi et al., 

2023 

Image processing and virtual navigation tools,  

3D imaging and display technologies, and  

computer vision and image detection algorithms 

enable extended reality environments. 

Kliestik et al., 2023; Njoku 

et al., 2023; Polas et al., 

2022; Zhang et al., 2023 
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7. Discussion 
 

I integrate my systematic review throughout research indicating how syn- 

thetic user experiences can be achieved by use of haptic augmented reality, 

cognitive and behavioral algorithms, and digital scent and sentiment recog- 

nition technologies. My research complements recent analyses clarifying how 
3D digital environments integrate geospatial mapping and digital contact 

tracing technologies, artificial vision and immersive visualization systems, 

and machine learning-based recognition and sensor fusion algorithms. I elu- 
cidate, by cumulative evidence, previous research demonstrating how data 

mining and machine learning techniques, deep learning artificial intelligence 

and natural language processing tools, and remote sensing and distributed 
autonomous control systems assist immersive virtual environments. 

 
8. Synopsis of the Main Research Outcomes 
 

Blockchain-based metaverse platforms and the virtual environment of the meta- 

verse necessitate visual imagery and data mining tools, deep generative model- 
ing and text mining techniques, and hyper-realistic immersive 3D simulations. 

Decentralized data and real-time event analytics, digital twin simulation and 

data visualization tools, and neuromorphic computing and machine learning 

algorithms are pivotal in intelligent simulation environments. 

 
9. Conclusions 
 

Relevant research has investigated whether virtual and augmented reality 

tools, spatial computing and ontology-based semantic technologies, and deep 

learning and sensor path planning algorithms optimize immersive digital worlds. 
This systematic literature review presents the published peer -reviewed 

sources covering how ambient intelligence and shared virtual environments 

require user journey and big geospatial data analytics, virtual modeling and 
digital twin technologies, and image recognition and visual perception 

algorithms. The research outcomes drawn from the above analyses indicate 

that decision support and virtual navigation tools, cognitive enhancement  

and artificial intelligence technologies, and geolocation data mining and 
tracking articulate extended reality environments. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 

indexed in the Web of Science, Scopus, and ProQuest databases, relevant 
sources on tracking and spatial computing technologies, virtual navigation 

and ambient scene detection tools, and motion planning and remote sensing 

algorithms in the metaverse may have been excluded. Limitations of this 
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research comprise particular kinds of publications (original empirical research 

and review articles) discounting others (conference proceedings articles, 
books, and editorial materials). The scope of my study also does not move 

forward the inspection of movement and behavior tracking tools, 3D immer- 

sive virtual reality and spatial computing technologies, and computer vision 
and virtual simulation algorithms.  

      Subsequent analyses should develop on socially-extended cognition and 

empathetic computing systems, user identification technology and location 

data, and spatial awareness and tracking tools. Future research should thus 
investigate situational awareness and path planning algorithms, haptic and 

multisensory technologies, and deep learning-based ambient sound processing 

and automated speech recognition tools. Attention should be directed to image 
processing and virtual navigation tools, 3D imaging and display technologies, 

and computer vision and image detection algorithms. 
 

 
Susan Aldridge, https://orcid.org/0000-0002-9976-9834 

 

Compliance with ethical standards 

This article does not contain any studies with human participants or animals per- 

formed by the author. Extracting and inspecting publicly accessible files (scholarly 

sources) as evidence, before the research began no institutional ethics approval was 
required. 
 

Data availability statement 

All data generated or analyzed are included in the published article. 
 

Funding information 

This paper was supported by Grant GE-1454027 from the Industrial Artificial 

Intelligence Research Unit, Washington, D.C., USA. The funder had no role in 

study design, data collection analysis, and interpretation, decision to submit the man- 

uscript for publication, or the preparation and writing of this paper. 
 

Author contributions 

The author confirms being the sole contributor of this work and approved it for 

publication. The author takes full responsibility for the accuracy and the integrity of 

the data analysis. 
 

Conflict of interest statement 

The author declares that the research was conducted in the absence of any commercial 

or financial relationships that could be construed as a potential conflict of interest.  
 

Disclosure by the editors of record  

The editors declare no conflict of interest in the review and publication decision 

regarding this article. 
 

Transparency statement 

The author affirms that the manuscript represents an honest, accurate, and trans- 

parent account of the research being reported, that no relevant aspects of the study 

have been left out, and that any inconsistencies from the research as planned (and, if 

significant, registered) have been clarified. 



 124 

REFERENCES 
 

Andronie, M., Lăzăroiu, G., Karabolevski, O. L., Ștefănescu, R., Hurloiu, I., Dijmărescu, 

A., et al. (2023). “Remote Big Data Management Tools, Sensing and Computing 

Technologies, and Visual Perception and Environment Mapping Algorithms in 

the Internet of Robotic Things,” Electronics 12(1): 22. doi: 10.3390/electronics 
12010022. 

Balcerzak, A. P., Nica, E., Rogalska, E., Poliak, M., Klieštik, T., and Sabie, O.-M. 

(2022). “Blockchain Technology and Smart Contracts in Decentralized Gover- 

nance Systems,” Administrative Sciences 12: 96. doi: 10.3390/admsci12030096. 

Barbu, C. M., Florea, D. L., Dabija, D. C., and Barbu, M. C. R. (2021). “Customer 

Experience in Fintech,” Journal of Theoretical and Applied Electronic Commerce 

Research 16(5): 1415–1433. doi: 10.3390/jtaer16050080. 

Blake, R. (2022). “Metaverse Technologies in the Virtual Economy: Deep Learning 

Computer Vision Algorithms, Blockchain-based Digital Assets, and Immersive 

Shared Worlds,” Smart Governance 1(1): 35–48. doi: 10.22381/sg1120223. 

Bordegoni, M., and Ferrise, F. (2023). “Exploring the Intersection of Metaverse,  
Digital Twins, and AI in Training and Maintenance,” ASME Journal of Computing 

and Information Science in Engineering. doi: 10.1115/1.4062455. 

Cao, L. (2022). “Decentralized AI: Edge Intelligence and Smart Blockchain, Meta- 

verse, Web3, and DeSci,” IEEE Intelligent Systems 37(3): 6–19. doi: 10.1109/ 

MIS.2022.3181504. 

Dincelli, E., and Yayla, A. (2022). “Immersive Virtual Reality in the Age of 

the Metaverse: A Hybrid-Narrative Review Based on the Technology Affordance 

Perspective,” The Journal of Strategic Information Systems 31(2): 101717. doi: 

10.1016/j.jsis.2022.101717. 

Durana, P., Musova, Z., and Cuțitoi, A.-C. (2022). “Digital Twin Modeling and 

Spatial Awareness Tools, Acoustic Environment Recognition and Visual Track- 
ing Algorithms, and Deep Neural Network and Vision Sensing Technologies in 

Blockchain-based Virtual Worlds,” Analysis and Metaphysics 21: 261–277. doi: 

10.22381/am21202216. 

Dwivedi, Y. K., Hughes, L., Wang, Y., Alalwan, A. A., Ahn, S. J. (G.), Balakrishnan, 

J., et al. (2023). “Metaverse Marketing: How the Metaverse Will Shape the Future 

of Consumer Research and Practice,” Psychology & Marketing 40(4): 750–776. 

doi: 10.1002/mar.21767. 

Egliston, B., and Carter, M. (2022). “‘The Metaverse and How We’ll Build It’: 

The Political Economy of Meta’s Reality Labs,” New Media & Society. doi: 

10.1177/14614448221119785. 

Giang Barrera, K., and Shah, D. (2023). “Marketing in the Metaverse: Conceptual 

Understanding, Framework, and Research Agenda,” Journal of Business Research 
155(A): 113420. doi: 10.1016/j.jbusres.2022.113420. 

Golf-Papez, M., Heller, J., Hilken, T., Chylinski, M., de Ruyter, K., Keeling, D. I., 

et al. (2022). “Embracing Falsity through the Metaverse: The Case of Synthetic 

Customer Experiences,” Business Horizons 65(6): 739–749. doi: 10.1016/ 

j.bushor.2022.07.007. 

Han, E., Miller, M. R., DeVeaux, C., Jun, H., Nowak, K. L., Hancock, J. T., et al. 

(2023a). “People, Places, and Time: A Large-Scale, Longitudinal Study of Trans- 

formed Avatars and Environmental Context in Group Interaction in the Meta- 



 125 

verse,” Journal of Computer-Mediated Communication 28(2): zmac031. doi: 

10.1093/jcmc/zmac031. 

Han, Y., Niyato, D., Leung, C., Kim, D. I., Zhu, K., Feng, S., et al. (2023b). “A Dy- 

namic Hierarchical Framework for IoT-assisted Digital Twin Synchronization in 

the Metaverse,” IEEE Internet of Things Journal 10(1): 268–284. doi: 10.1109/ 

JIOT.2022.3201082. 

Hennig-Thurau, T., Aliman, D. N., Herting, A. M., Cziehso, G. P., Linder, M., and 

Kübler, R. V. (2022). “Social Interactions in the Metaverse: Framework, Initial 
Evidence, and Research Roadmap,” Journal of the Academy of Marketing 

Science. doi: 10.1007/s11747-022-00908-0. 

Huynh-The, T., Gadekallu, T. R., Wang, W., Yenduri, G., Ranaweera, P., Pham, Q.-

V., et al. (2023). “Blockchain for the Metaverse: A Review,” Future Generation 

Computer Systems 143: 401–419. doi: 10.1016/j.future.2023.02.008. 

Jaramillo-Aristizabal, A. (2022). “Critical Theory and Academia: Ontological  

Im/possibilities for Upholding Plural Worlds,” Knowledge Cultures 10(3): 126–

149. doi: 10.22381/kc10320228. 

Kliestik, T., Valaskova, K., Lăzăroiu, G., Kovacova, M., and Vrbka, J. (2020). “Re- 

maining Financially Healthy and Competitive: The Role of Financial Predictors,” 

Journal of Competitiveness 12(1): 74–92. doi: 10.7441/joc.2020.01.05. 

Kliestik, T., Nagy, M., and Valaskova, K. (2023). “Global Value Chains and Industry 
4.0 in the Context of Lean Workplaces for Enhancing Company Performance 

and Its Comprehension via the Digital Readiness and Expertise of Workforce in 

the V4 Nations,” Mathematics 11(3): 601. doi: 10.3390/math11030601. 

Lăzăroiu, G., Ionescu, L., Andronie, M., and Dijmărescu, I. (2020). “Sustainability 

Management and Performance in the Urban Corporate Economy: A Systematic 

Literature Review,” Sustainability 12(18): 7705. doi: 10.3390/su12187705. 

Li, W., Wu, L., Wang, C., Xue, J., Hu, W., Li, S., et al. (2023). “Intelligent Cockpit 

for Intelligent Vehicle in Metaverse: A Case Study of Empathetic Auditory 

Regulation of Human Emotion,” IEEE Transactions on Systems, Man, and 

Cybernetics: Systems 53(4): 2173–2187. doi: 10.1109/TSMC.2022.3229021. 

Lv, Z., Xie, S., Li, Y., Hossain, M. S., and El Saddik, A. (2022). “Building the Meta- 
verse by Digital Twins at All Scales, State, Relation,” Virtual Reality & Intelligent 

Hardware 4(6): 459–470. doi: 10.1016/j.vrih.2022.06.005. 

Machova, V., Nica, E., and Lăzăroiu, G. (2022). “Haptic and Biometric Sensor Tech- 

nologies, Movement and Behavior Tracking Tools, and Employee Performance 

Metrics in the Economic Infrastructure of the Metaverse,” Psychosociological 

Issues in Human Resource Management 10(2): 7–22. doi: 10.22381/pihrm10220221. 

McStay, A. (2022). “Replika in the Metaverse: The Moral Problem with Empathy in 

‘It from Bit,’” AI Ethics. doi: 10.1007/s43681-022-00252-7. 

McStay, A. (2023). “The Metaverse: Surveillant Physics, Virtual Realist Governance, 

and the Missing Commons,” Philosophy & Technology 36: 13. doi: 10.1007/ 

s13347-023-00613-y. 
Mourtzis, D., Panopoulos, N., Angelopoulos, J., Wang, B., and Wang, L. (2022). 

“Human Centric Platforms for Personalized Value Creation in Metaverse,” 

Journal of Manufacturing Systems 65: 653–659. doi: 10.1016/j.jmsy.2022.11.004. 

Nagy, M., and Lăzăroiu, G. (2022). “Computer Vision Algorithms, Remote Sensing 

Data Fusion Techniques, and Mapping and Navigation Tools in the Industry 4.0- 

https://doi.org/10.22381/kc10320228


 126 

based Slovak Automotive Sector,” Mathematics 10: 3543. doi: 10.3390/math 

10193543. 

Nagy, M., Lăzăroiu, G., and Valaskova, K. (2023). “Machine Intelligence and Auton- 

omous Robotic Technologies in the Corporate Context of SMEs: Deep Learning 

and Virtual Simulation Algorithms, Cyber-Physical Production Networks, and 

Industry 4.0-based Manufacturing Systems,” Applied Sciences 13(3): 1681. doi: 

10.3390/app13031681. 

Nica, E., Popescu, G. H., Poliak, M., Kliestik, T., and Sabie, O.-M. (2023). “Digital 
Twin Simulation Tools, Spatial Cognition Algorithms, and Multi-Sensor Fusion 

Technology in Sustainable Urban Governance Networks,” Mathematics 11(9): 

1981. doi: 10.3390/math11091981. 

Njoku, J. N., Nwakanma, C. I., Amaizu, G. C., and Kim, D.-S. (2023) “Prospects and 

Challenges of Metaverse Application in Data-driven Intelligent Transportation 

Systems,” IET Intelligent Transport Systems 17(1): 1–21. doi: 10.1049/itr2.12252. 

Novak, A., Novak Sedlackova, A., Vochozka, M., and Popescu, G. H. (2022). “Big 

Data-driven Governance of Smart Sustainable Intelligent Transportation Systems: 

Autonomous Driving Behaviors, Predictive Modeling Techniques, and Sensing 

and Computing Technologies,” Contemporary Readings in Law and Social 

Justice 14(2): 100–117. doi: 10.22381/CRLSJ14220226. 

Pelau, C., Dabija, D.-C., and Ene, I. (2021). “What Makes an AI Device Human-
Like? The Role of Interaction Quality, Empathy and Perceived Psychological 

Anthropomorphic Characteristics in the Acceptance of Artificial Intelligence in 

the Service Industry,” Computers in Human Behavior 122: 106855. doi: 10.1016/ 

j.chb.2021.106855. 

Polas, M. R. H., Jahanshahi, A. A., Kabir, A. I., Sohel-Uz-Zaman, A. S. M., Osman, 

A. R., and Karim, R. (2022). “Artificial Intelligence, Blockchain Technology, and 

Risk-Taking Behavior in the 4.0IR Metaverse Era: Evidence from Bangladesh-

based SMEs,” Journal of Open Innovation: Technology, Market, and Complexity 

8(3): 168. doi: 10.3390/joitmc8030168. 

Pop, R.-A., Săplăcan, Z., Dabija, D.-C., and Alt, M.-A. (2021). “The Impact of Social 

Media Influencers on Travel Decisions: The Role of Trust in Consumer Decision 
Journey,” Current Issues in Tourism 25(5): 823–843. doi: 10.1080/13683500. 

2021.1895729. 

Popescu, G. H., Nica, E., Ciurlău, F. C., Comănescu, M., and Bițoiu, T. (2017a). 

“Stabilizing Valences of an Optimum Monetary Zone in a Resilient Economy – 

Approaches and Limitations,” Sustainability 9(6): 1051. doi: 10.3390/su9061051. 

Popescu, G. H., Sima, V., Nica, E., and Gheorghe, I. G. (2017b). “Measuring Sus- 

tainable Competitiveness in Contemporary Economies – Insights from European 

Economy,” Sustainability 9(7): 1230. doi: 10.3390/su9071230. 

Popescu, G. H. (2018). “Has Postmodernism the Potential to Reshape Educational 

Research and Practice?,” Educational Philosophy and Theory 50(14): 1490–

1491. doi: 10.1080/00131857.2018.1461376. 
Ramadan, Z. (2023). “Marketing in the Metaverse Era: Toward an Integrative  

Channel Approach,” Virtual Reality. doi: 10.1007/s10055-023-00783-2. 

Shi, H., Liu, G., Zhang, K., Zhou, Z., and Wang, J. (2023). “MARL Sim2real  

Transfer: Merging Physical Reality with Digital Virtuality in Metaverse,” IEEE 

Transactions on Systems, Man, and Cybernetics: Systems 53(4): 2107–2117. doi: 

10.1109/TSMC.2022.3229213. 



 127 

Valaskova, K., Machova, V., and Lewis, E. (2022). “Virtual Marketplace Dynamics 

Data, Spatial Analytics, and Customer Engagement Tools in a Real-Time Inter- 

operable Decentralized Metaverse,” Linguistic and Philosophical Investigations 

21: 105–120. doi: 10.22381/lpi2120227. 

Wongkitrungrueng, A., and Suprawan, L. (2023). “Metaverse Meets Branding: Ex- 

amining Consumer Responses to Immersive Brand Experiences,” International 

Journal of Human–Computer Interaction. doi: 10.1080/10447318.2023.2175162. 

Wu, J. G., Zhang, D., and Lee, S. M. (2023). “Into the Brave New Metaverse:  
Envisaging Future Language Teaching and Learning,” IEEE Transactions on 

Learning Technologies. doi: 10.1109/TLT.2023.3259470. 

Zhang, H., Luo, G., Li, Y., and Wang, F.-Y. (2023). “Parallel Vision for Intelligent 

Transportation Systems in Metaverse: Challenges, Solutions, and Potential 

Applications,” IEEE Transactions on Systems, Man, and Cybernetics: Systems 

53(6): 3400–3413. doi: 10.1109/TSMC.2022.3228314. 

Zheng, G., and Yuan, L. (2023). “A Review of QoE Research Progress in Metaverse,” 

Displays 77: 102389. doi: 10.1016/j.displa.2023.102389. 

Zhou, Y., Huang, H., Yuan, S., Zou, H., Xie, L., and Yang, J. (2023). “MetaFi++: 

WiFi-enabled Transformer-based Human Pose Estimation for Metaverse Avatar 

Simulation,” IEEE Internet of Things Journal. doi: 10.1109/JIOT.2023.3262940. 

Zhu, Y., Zhao, T., Sun, F., Jia, C., Ye, H., Jiang, Y., et al. (2023). “Multi-Functional 
Triboelectric Nanogenerators on Printed Circuit Board for Metaverse Sport  

Interactive System,” Nano Energy. doi: 10.1016/j.nanoen.2023.108520. 

Zvarikova, K., Machova, V., and Nica, E. (2022). “Cognitive Artificial Intelligence 

Algorithms, Movement and Behavior Tracking Tools, and Customer Identification 

Technology in the Metaverse Commerce,” Review of Contemporary Philosophy 

21: 171–187. doi: 10.22381/RCP21202211. 

 
 
 



 128 

 
 
 

Linguistic and Philosophical Investigations  
22, 2023, pp. 128–144, ISSN 1841-2394, eISSN 2471-0881                       

 
Acoustic Environment Recognition and Visual Tracking 

Algorithms, Deep Learning-based Ambient Sound 
Processing Tools, and Geospatial Mapping and Remote 

Sensing Technologies in a Real-Time Interoperable 
Decentralized Metaverse 

 

Jiri Kucera1 and Aurel Pera2 

 

ABSTRACT. The present study systematically reviews the existing research on holo- 

graphic imaging and immersive 3D technologies, multi-machine cooperation and 

digital twin modeling tools, and computer vision and neural network-based recog- 

nition algorithms Our findings indicate that multisensory user experiences can be 

achieved by use of image processing computational and visual perception algo- 

rithms, digital contact tracing and cloud-based cognitive technologies, and voice and 

gesture recognition tools. Throughout January 2023, a quantitative literature review 

of the Web of Science, Scopus, and ProQuest databases was performed, with search 

terms including “real-time interoperable decentralized metaverse” + “acoustic envi- 

ronment recognition and visual tracking algorithms,” “deep learning-based ambient 

sound processing tools,” and “geospatial mapping and remote sensing technologies.” 

As research published between 2022 and 2023 was inspected, only 171 articles 

satisfied the eligibility criteria. By taking out controversial or ambiguous findings 

(insufficient/irrelevant data), outcomes unsubstantiated by replication, too general 

material, or studies with nearly identical titles, we selected 34 mainly empirical 

sources. Data visualization tools: Dimensions (bibliometric mapping) and VOSviewer 

(layout algorithms). Reporting quality assessment tool: PRISMA. Methodological 

quality assessment tools include: AMSTAR, Dedoose, Distiller SR, and SRDR. 
 

Keywords: acoustic environment recognition and visual tracking algorithms; deep 

learning-based ambient sound processing tools; geospatial mapping and remote  

sensing technologies; metaverse 
 

How to cite: Kucera, J., and Pera, A. (2023). “Acoustic Environment Recognition and Visual 

Tracking Algorithms, Deep Learning-based Ambient Sound Processing Tools, and Geospatial 

Mapping and Remote Sensing Technologies in a Real-Time Interoperable Decentralized Meta- 

verse,” Linguistic and Philosophical Investigations 22: 128–144. doi: 10.22381/lpi2220238. 
 

Received 24 February 2023 • Received in revised form 22 May 2023 

Accepted 29 May 2023 • Available online 30 May 2023 
 

 

1The Institute of Technology and Business in Ceske Budejovice, The School of Expertness 

and Valuation, Czech Republic, kuceraj@mail.vstecb.cz. 
2University of Craiova, Craiova, Romania, aurelpera@yahoo.com. (corresponding author) 



 129 

1. Introduction 
 

Dynamic routing and multisensor fusion technologies, spatial awareness and 

data mining tools, and bio-sensing and actuation systems shape synthetic 

digitally-mediated environments. The purpose of our systematic review is to 

examine the recently published literature on the real-time interoperable 

decentralized metaverse and integrate the insights it configures on acoustic 

environment recognition and visual tracking algorithms, deep learning-based 

ambient sound processing tools, and geospatial mapping and remote sensing 

technologies. By analyzing the most recent (2022–2023) and significant (Web 

of Science, Scopus, and ProQuest) sources, our paper has attempted to prove 

that multisensory user experiences can be achieved by use of image processing 

computational and visual perception algorithms (Andronie et al., 2021; Dabija 

et al., 2023; Perkins, 2022), digital contact tracing and cloud-based cog- 

nitive technologies, and voice and gesture recognition tools. The actuality and 

novelty of this study are articulated by addressing holographic imaging and 

immersive 3D technologies, multi-machine cooperation and digital twin model- 

ing tools (Andronie et al., 2023a; Kliestik et al., 2020; Pop et al., 2023), and 

computer vision and neural network-based recognition algorithms, that is an 

emerging topic involving much interest. Our research problem is whether 3D 

virtual environments develop on eye-tracking and autonomous cognitive sys- 

tems, image-based object recognition and digital twin technologies (Andronie 

et al., 2023b; Lăzăroiu et al., 2020; Popescu et al., 2017a; Rowland, 2022), 

and contextual data monitoring and digital twinning tools.  

      In this review, prior findings have been cumulated indicating that immer- 

sive virtual reality experiences can be achieved through spatio-temporal fusion 

and natural language processing algorithms, sensorial and cognitive tech- 

nologies (Balcerzak et al., 2022; Lewkowich, 2022; Popescu et al., 2017b), 

and computational intelligence and simulation modeling tools. The identified 

gaps advance context awareness and machine learning-based image recog- 

nition tools (Dabija et al., 2018; Nica, 2017; Popescu, 2018), object recog- 

nition and affective modeling algorithms, and deep learning-based sensing 

and cognitive automation technologies. Our main objective is to indicate that 

immersive virtual experiences can be achieved through spatial cognition and 

deep learning artificial intelligence algorithms, monitoring and sensing 

technologies, and autonomous visual object detection and intelligent data 

processing tools.  

 
2. Theoretical Overview of the Main Concepts 
 

Immersive virtual experiences can be attained by use of virtual navigation 

and digital twin simulation tools, spatio-temporal fusion and deep learning 

computer vision algorithms, and emotion detection and recognition technol- 

ogies. The manuscript is organized as following: theoretical overview (section 
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2), methodology (section 3), holographic imaging and immersive 3D tech- 

nologies, big geospatial data and deep learning-based sentiment analytics, 

and computational intelligence and simulation modeling tools in the virtual 

economy of the metaverse (section 4), geolocation data processing and pre- 

dictive modeling algorithms, context awareness and machine learning-based 

image recognition tools, and digital contact tracing and cloud-based cognitive 

technologies in a fully connected metaverse (section 5), digital twin simulation 

and autonomous visual object detection tools, cognitive computing and 

machine learning-based decision support systems, and big spatio-temporal 

data and real-time predictive analytics in the virtual environment of the meta- 

verse (section 6), discussion (section 7), synopsis of the main research  

outcomes (section 8), conclusions (section 9), limitations, implications, and 

further directions of research (section 10). 

 
3. Methodology 
 

Throughout January 2023, a quantitative literature review of the Web of  

Science, Scopus, and ProQuest databases was performed, with search terms 

including “real-time interoperable decentralized metaverse” + “acoustic 

environment recognition and visual tracking algorithms,” “deep learning-

based ambient sound processing tools,” and “geospatial mapping and remote 

sensing technologies.” As research published between 2022 and 2023 was 

inspected, only 171 articles satisfied the eligibility criteria. By taking out 

controversial or ambiguous findings (insufficient/irrelevant data), outcomes 

unsubstantiated by replication, too general material, or studies with nearly 

identical titles, we selected 34 mainly empirical sources (Tables 1 and 2). 

Data visualization tools: Dimensions (bibliometric mapping) and VOSviewer 

(layout algorithms). Reporting quality assessment tool: PRISMA. Method- 

ological quality assessment tools include: AMSTAR, Dedoose, Distiller SR, 

and SRDR (Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

real-time interoperable decentralized metaverse + acoustic 

environment recognition and visual tracking algorithms 

58 12 

real-time interoperable decentralized metaverse + deep 

learning-based ambient sound processing tools 

57 11 

real-time interoperable decentralized metaverse + 

geospatial mapping and remote sensing technologies 

56 11 

Type of paper   

Original research 141 24 

Review 21 10 

Conference proceedings 8 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the authors. Some topics overlap. 
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Figure 1 Co-authorship 

 

 
Figure 2 Citation 
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Figure 3 Bibliographic coupling 

 
Figure 4 Co-citation 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Interconnected sensor networks, cloud computing 

machines, and 3D modeling and deep reinforcement 

learning tools configure the virtual economy of  

the metaverse. 

Faraboschi et al., 2022; 

Kwok and Tang, 2023; 

Zhao et al., 2022 

3D metaverse experiences can be attained through 

holographic imaging and immersive 3D 

technologies, multi-machine cooperation and digital 

twin modeling tools, and computer vision and neural 

network-based recognition algorithms. 

Du et al., 2023a; Hollensen 

et al., 2023; Queiroz et al., 

2023; Zainab et al., 2022 

Big geospatial data and deep learning-based 

sentiment analytics, cognitive artificial  

intelligence and computer vision algorithms,  

and virtual mapping and and visual imagery  

tools assist extended reality environments. 

Cheng et al., 2022; Ersoy 

and Gürfidan, 2023; Oh et 

al., 2023; Yoo et al., 2023 

3D generative modeling and deep learning artificial 

intelligence tools, real-time predictive and machine 

learning-based sentiment analytics, and image 

processing computational and spatio-temporal fusion 

algorithms articulate a fully connected metaverse. 

Carey, 2022; Daneshfar 

and Jamshidi, 2023; 

Egliston and Carter, 2022; 

Vidal-Tomás, 2023 

3D metaverse experiences can be attained  

by use of context awareness and machine  

learning-based image recognition tools, object 

recognition and affective modeling algorithms,  

and deep learning-based sensing and cognitive 

automation technologies. 

Du et al., 2023b; 

Geambazi et al., 2022; 

Hadi et al., 2023; Xian  

et al., 2023 

Virtual navigation and automated speech recognition 

tools, text mining and analytics, and bio-inspired 

computational intelligence and spatial data mining 

algorithms enable shared virtual environments. 

Bojic, 2022; Huang et al., 

2023; Shi et al., 2023; 

Zyda, 2022 

Immersive metaverse experiences can be  

attained through digital twin simulation  

and autonomous visual object detection tools,  

spatial cognition and virtual mapping algorithms,  

and haptic and sensory technologies. 

Kovacova et al., 2022; 

Meng et al., 2023; Zabel  

et al., 2023 

Virtual immersive and haptic feedback technologies, 

contextual data monitoring and natural language 

processing tools, and big data computing and visual 

analytics systems optimize the metaverse. 

Chen, 2022; Kozinets, 

2023; Li et al., 2023; Xu  

et al., 2023 

Big spatio-temporal data and real-time  

predictive analytics, brain-inspired artificial 

intelligence and machine learning-based navigation 

algorithms, and immersive analytics and decision-

making process automation tools further extended 

reality environments. 

Crowell, 2022; Park and 

Kim, 2023; Smart, 2022; 

Wu et al., 2023 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 

spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 

Web of Science search 

(n = 112) 

 

Records identified through 

Scopus and ProQuest search 

(n = 171) 

Records after duplicates removed 

(n = 171) 

 

Records screened 

(n = 171) 

 

Full-text articles 

assessed for eligibility 

(n = 135) 

 

Studies included in 

qualitative synthesis 

(n = 34) 

 

Full-text articles 

excluded, with reasons 

(n = 101): 

 

Out of scope (n = 33), 

Insufficient detail (n = 34), 

Limited rigor (n = 34) 

 

Records excluded 

(n = 36) 



 135 

To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  

Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 

study designs. 

 
Distiller SR screened and extracted the collected data. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
Dedoose analyzed qualitative and mixed methods research. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 
 

Figure 6 Screening and quality assessment tools 
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4. Holographic Imaging and Immersive 3D Technologies,  

    Big Geospatial Data and Deep Learning-based Sentiment  

    Analytics, and Computational Intelligence and Simulation  

    Modeling Tools in the Virtual Economy of the Metaverse 
 

Interconnected sensor networks, cloud computing machines, and 3D model- 

ing and deep reinforcement learning tools (Faraboschi et al., 2022; Kwok and 

Tang, 2023; Zhao et al., 2022) configure the virtual economy of the meta- 

verse. Immersive virtual reality experiences can be achieved through spatio-

temporal fusion and natural language processing algorithms, sensorial and 

cognitive technologies, and computational intelligence and simulation model- 

ing tools. 

3D metaverse experiences (Du et al., 2023a; Hollensen et al., 2023; 

Queiroz et al., 2023; Zainab et al., 2022) can be attained through holographic 

imaging and immersive 3D technologies, multi-machine cooperation and 

digital twin modeling tools, and computer vision and neural network-based 

recognition algorithms. Immersive virtual experiences can be achieved 

through spatial cognition and deep learning artificial intelligence algorithms, 

monitoring and sensing technologies, and autonomous visual object detection 

and intelligent data processing tools. 

Big geospatial data and deep learning-based sentiment analytics, cognitive 

artificial intelligence and computer vision algorithms, and virtual mapping 

and and visual imagery tools (Cheng et al., 2022; Ersoy and Gürfidan, 2023; 

Oh et al., 2023; Yoo et al., 2023) assist extended reality environments. 

Immersive virtual experiences can be attained by use of virtual navigation 

and digital twin simulation tools, spatio-temporal fusion and deep learning 

computer vision algorithms, and emotion detection and recognition tech- 

nologies. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Interconnected sensor networks, cloud computing 

machines, and 3D modeling and deep reinforcement 

learning tools configure the virtual economy of  

the metaverse. 

Faraboschi et al., 2022; 

Kwok and Tang, 2023; 

Zhao et al., 2022 

3D metaverse experiences can be attained through 

holographic imaging and immersive 3D 

technologies, multi-machine cooperation and digital 

twin modeling tools, and computer vision and neural 

network-based recognition algorithms. 

Du et al., 2023a; Hollensen 

et al., 2023; Queiroz et al., 

2023; Zainab et al., 2022 

Big geospatial data and deep learning-based 

sentiment analytics, cognitive artificial  

intelligence and computer vision algorithms,  

and virtual mapping and and visual imagery  

tools assist extended reality environments. 

Cheng et al., 2022; Ersoy 

and Gürfidan, 2023; Oh et 

al., 2023; Yoo et al., 2023 
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5. Geolocation Data Processing and Predictive Modeling Algorithms, 

    Context Awareness and Machine Learning-based Image Recognition 

    Tools, and Digital Contact Tracing and Cloud-based Cognitive  

    Technologies in a Fully Connected Metaverse 
 

3D generative modeling and deep learning artificial intelligence tools, real-

time predictive and machine learning-based sentiment analytics, and image 

processing computational and spatio-temporal fusion algorithms (Carey, 2022; 

Daneshfar and Jamshidi, 2023; Egliston and Carter, 2022; Vidal-Tomás, 

2023) articulate a fully connected metaverse. Virtual reality-based immersive 

experiences can be achieved by use of behavior modeling and motion 

capture technologies, geolocation data processing and predictive modeling 

algorithms, and context modeling and ambient scene detection tools. 

3D metaverse experiences (Du et al., 2023b; Geambazi et al., 2022; Hadi 

et al., 2023; Xian et al., 2023) can be attained by use of context awareness 

and machine learning-based image recognition tools, object recognition and 

affective modeling algorithms, and deep learning-based sensing and cognitive 

automation technologies. Multisensory user experiences can be achieved by 

use of image processing computational and visual perception algorithms, 

digital contact tracing and cloud-based cognitive technologies, and voice and 

gesture recognition tools. 

Virtual navigation and automated speech recognition tools, text mining 

and analytics, and bio-inspired computational intelligence and spatial data 

mining algorithms (Bojic, 2022; Huang et al., 2023; Shi et al., 2023; Zyda, 

2022) enable shared virtual environments. Dynamic routing and multisensor 

fusion technologies, spatial awareness and data mining tools, and bio-sensing 

and actuation systems shape synthetic digitally-mediated environments. 

(Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

3D generative modeling and deep learning artificial 

intelligence tools, real-time predictive and machine 

learning-based sentiment analytics, and image 

processing computational and spatio-temporal fusion 

algorithms articulate a fully connected metaverse. 

Carey, 2022; Daneshfar 

and Jamshidi, 2023; 

Egliston and Carter, 2022; 

Vidal-Tomás, 2023 

3D metaverse experiences can be attained  

by use of context awareness and machine  

learning-based image recognition tools, object 

recognition and affective modeling algorithms,  

and deep learning-based sensing and cognitive 

automation technologies. 

Du et al., 2023b; 

Geambazi et al., 2022; 

Hadi et al., 2023; Xian  

et al., 2023 

Virtual navigation and automated speech recognition 

tools, text mining and analytics, and bio-inspired 

computational intelligence and spatial data mining 

algorithms enable shared virtual environments. 

Bojic, 2022; Huang et al., 

2023; Shi et al., 2023; 

Zyda, 2022 
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6. Digital Twin Simulation and Autonomous Visual Object Detection 

    Tools, Cognitive Computing and Machine Learning-based Decision  

    Support Systems, and Big Spatio-Temporal Data and Real-Time 

    Predictive Analytics in the Virtual Environment of the Metaverse 
 

Immersive metaverse experiences (Kovacova et al., 2022; Meng et al., 2023; 

Zabel et al., 2023) can be attained through digital twin simulation and auton- 

omous visual object detection tools, spatial cognition and virtual mapping 

algorithms, and haptic and sensory technologies. 3D virtual environments 

develop on eye-tracking and autonomous cognitive systems, image-based 

object recognition and digital twin technologies, and contextual data monitor- 

ing and digital twinning tools.  

Virtual immersive and haptic feedback technologies, contextual data  

monitoring and natural language processing tools, and big data computing 

and visual analytics systems (Chen, 2022; Kozinets, 2023; Li et al., 2023; Xu 

et al., 2023) optimize the virtual environment of the metaverse.  Photo- 

realistic synthetic environments integrate geospatial mapping and digital con- 

tact tracing technologies, cognitive computing and machine learning-based 

decision support systems, and artificial intelligence-powered prediction and 

data modeling tools. 

Big spatio-temporal data and real-time predictive analytics, brain-inspired 

artificial intelligence and machine learning-based navigation algorithms, and  

immersive analytics and decision-making process automation tools (Crowell, 

2022; Park and Kim, 2023; Smart, 2022; Wu et al., 2023) further extended 

reality environments. Immersive 3D virtual environments require visual and 

spatial intelligence tools, cognitive and behavioral technologies, and Internet 

of Things-based sensing and edge artificial intelligence computing systems. 

(Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Immersive metaverse experiences can be  

attained through digital twin simulation  

and autonomous visual object detection tools,  

spatial cognition and virtual mapping algorithms,  

and haptic and sensory technologies. 

Kovacova et al., 2022; 

Meng et al., 2023; Zabel  

et al., 2023 

Virtual immersive and haptic feedback technologies, 

contextual data monitoring and natural language 

processing tools, and big data computing and visual 

analytics systems optimize the metaverse. 

Chen, 2022; Kozinets, 

2023; Li et al., 2023; Xu  

et al., 2023 

Big spatio-temporal data and real-time  

predictive analytics, brain-inspired artificial 

intelligence and machine learning-based navigation 

algorithms, and immersive analytics and decision-

making process automation tools further extended 

reality environments. 

Crowell, 2022; Park and 

Kim, 2023; Smart, 2022; 

Wu et al., 2023 
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7. Discussion 
 

We integrate our systematic review throughout research indicating how 3D 

virtual environments develop on eye-tracking and autonomous cognitive 

systems, image-based object recognition and digital twin technologies, and 

contextual data monitoring and digital twinning tools. Our research comple- 

ments recent analyses clarifying how photorealistic synthetic environments 

integrate geospatial mapping and digital contact tracing technologies, cog- 

nitive computing and machine learning-based decision support systems, and 

artificial intelligence-powered prediction and data modeling tools. We eluci- 

date, by cumulative evidence, previous research demonstrating how immersive 

virtual reality experiences can be achieved through spatio-temporal fusion and 

natural language processing algorithms, sensorial and cognitive technologies, 

and computational intelligence and simulation modeling tools. 

 
8. Synopsis of the Main Research Outcomes 
 

Immersive virtual experiences can be achieved through spatial cognition and 

deep learning artificial intelligence algorithms, monitoring and sensing tech- 

nologies, and autonomous visual object detection and intelligent data pro- 

cessing tools. Multisensory user experiences can be achieved by use of image 

processing computational and visual perception algorithms, digital contact 

tracing and cloud-based cognitive technologies, and voice and gesture recog- 

nition tools. 

 
9. Conclusions 
 

Relevant research has investigated whether virtual reality-based immersive 

experiences can be achieved by use of behavior modeling and motion capture 

technologies, geolocation data processing and predictive modeling algorithms, 

and context modeling and ambient scene detection tools. This systematic 

literature review presents the published peer-reviewed sources covering how 

dynamic routing and multisensor fusion technologies, spatial awareness and 

data mining tools, and bio-sensing and actuation systems shape synthetic 

digitally-mediated environments. The research outcomes drawn from the above 

analyses indicate that immersive 3D virtual environments require visual and 

spatial intelligence tools, cognitive and behavioral technologies, and Internet 

of Things-based sensing and edge artificial intelligence computing systems. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 

indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on acoustic environment recognition and visual tracking algorithms, 
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deep learning-based ambient sound processing tools, and geospatial mapping 

and remote sensing technologies in a real-time interoperable decentralized 

metaverse may have been excluded. Limitations of this research comprise 

particular kinds of publications (original empirical research and review 

articles) discounting others (conference proceedings articles, books, and edi- 

torial materials). The scope of our study also does not move forward the in- 

spection of 3D generative modeling and deep learning artificial intelligence 

tools, real-time predictive and machine learning-based sentiment analytics, 

and image processing computational and spatio-temporal fusion algorithms.  
Subsequent analyses should develop on virtual navigation and automated 

speech recognition tools, text mining and analytics, and bio-inspired compu- 

tational intelligence and spatial data mining algorithms. Future research should 

thus investigate big spatio-temporal data and real-time predictive analytics, 

brain-inspired artificial intelligence and machine learning-based navigation 

algorithms, and immersive analytics and decision-making process automation 

tools. Attention should be directed to digital twin simulation and auton- 

omous visual object detection tools, spatial cognition and virtual mapping 

algorithms, and haptic and sensory technologies. 
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1. Introduction 
 

Immersive 3D environments integrate movement and behavior tracking tools, 

geospatial artificial intelligence and cognitive modeling technologies, and 

3D image processing and computer vision algorithms. The purpose of my 
systematic review is to examine the recently published literature on the de- 

centralized and interconnected metaverse and integrate the insights it con- 

figures on predictive modeling and visual perception algorithms, ambient 
sound recognition and processing tools, and deep neural network and vision 

sensing technologies. By analyzing the most recent (2022–2023) and signif- 

icant (Web of Science, Scopus, and ProQuest) sources, my paper has attempted 

to prove that artificial intelligence-based image recognition and digital twin 
technologies, visual and spatial intelligence tools, and predictive maintenance 

and computer vision algorithms (Andronie et al., 2021a; Lewkowich, 2022; 

Popescu et al., 2017a; Watson, 2022) are instrumental in 3D interactive 
digital spaces and blockchain-based virtual worlds. The actuality and novelty 

of this study are articulated by addressing deep learning-based ambient sound 

processing and real-time data tracking tools, metaverse and immersive tech- 
nologies, and image detection and computer vision algorithms (Andronie et 

al., 2021b; Musova et al., 2021; Popescu et al., 2017b), that is an emerging 

topic involving much interest. My research problem is whether virtual nav- 

igation and automated speech recognition tools, machine learning and com- 
puter vision algorithms (Cegarra Navarro et al., 2023; Nica, 2017; Popescu, 

2018), and digital twinning and multisensor fusion technologies shape 

extended reality environments and interactive digital worlds..  
      In this review, prior findings have been cumulated indicating that deep 

learning-based sensing and geospatial mapping technologies, movement and 

behavior tracking tools, and computer vision and immersive visualization 
systems (Glogovețan et al., 2022; Nica, 2018; Valaskova et al., 2022) assist 

extended reality environments. The identified gaps advance decision-making 

process automation and geospatial mapping tools (Kliestik et al., 2020; Pera, 

2022; Vătămănescu et al., 2022), 3D modeling and simulation technologies, 
and deep learning-based predictive and image recognition algorithms. My 

main objective is to indicate that simulation modeling and image recognition 

tools, deep learning-based sentiment and behavioral predictive analytics, and 
dynamic routing and spatial computing technologies configure immersive 

virtual environments.  

 
2. Theoretical Overview of the Main Concepts 
 

3D capture and spatial computing technologies, artificial neural network-
based decision support and immersive visualization systems, and data visual- 

ization and socio-spatial analytics tools further extended reality environments. 

The manuscript is organized as following: theoretical overview (section 2), 
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methodology (section 3), deep learning-based sensing and geospatial mapping 

technologies, immersive decentralized networking and digital twin simulation 
tools, and motion control and emotion detection algorithms in the metaverse 

interactive environment (section 4), deep learning-based ambient sound pro- 

cessing and real-time data tracking tools, geospatial artificial intelligence and 
cognitive modeling technologies, and machine vision and situational aware- 

ness algorithms in the blockchain-based metaverse (section 5), deep learning-

based predictive and image recognition algorithms, geospatial mapping and 

environment perception technologies, and data acquisition and 3D generative 
modeling tools in Web3-powered metaverse worlds (section 6), discussion 

(section 7), synopsis of the main research outcomes (section 8), conclusions 

(section 9), limitations, implications, and further directions of research 
(section 10). 

 
3. Methodology 
 

Throughout December 2022, I performed a quantitative literature review of 
the Web of Science, Scopus, and ProQuest databases, with search terms 

including “the decentralized and interconnected metaverse” + “predictive 

modeling and visual perception algorithms,” “ambient sound recognition and 
processing tools,” and “deep neural network and vision sensing technologies.” 

As I inspected research published between 2022 and 2023, only 168 articles 

satisfied the eligibility criteria. By eliminating controversial findings, out- 

comes unsubstantiated by replication, too imprecise material, or having 
similar titles, I decided upon 36, generally empirical, sources (Tables 1 and 2). 

Data visualization tools: Dimensions (bibliometric mapping) and VOSviewer 

(layout algorithms). Reporting quality assessment tool: PRISMA. Method- 
ological quality assessment tools include: AMSTAR, Distiller SR, MMAT, 

and ROBIS (Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

the decentralized and interconnected metaverse + 

predictive modeling and visual perception algorithms 

58 13 

the decentralized and interconnected metaverse +  

ambient sound recognition and processing tools 

56 12 

the decentralized and interconnected metaverse +  

deep neural network and vision sensing technologies 

54 11 

Type of paper   

Original research 139 28 

Review 19 8 

Conference proceedings 9 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the author. Some topics overlap. 
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Figure 1 Co-authorship 

 

 
Figure 2 Citation 
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Figure 3 Bibliographic coupling 

 
Figure 4 Co-citation 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Context recognition and ambient scene detection 

tools, sensing and computing technologies, and 

immersive visualization and navigation systems 

articulate the metaverse interactive environment. 

Braud et al., 2022; Dolata 

and Schwabe, 2023; Han  

et al., 2022; McStay, 2023 

Immersive decentralized networking and  

digital twin simulation tools, blockchain  

and cloud computing technologies, and  

distributed decision and control algorithms  

are pivotal in the interconnected metaverse. 

Dincelli and Yayla, 2022; 

Gauttier et al., 2022; Han 

et al., 2023a; Perkins, 2022 

Hyper-realistic personalized interactive experiences 

can be attained through holographic telepresence and 
cognitive enhancement technologies, visual 

perceptive and multimodal sensing systems, and 

motion control and emotion detection algorithms. 

Han et al., 2023b; He et 

al., 2023; Li et al., 2023a; 
Zhang et al., 2022 

Immersive and extended reality  

technologies, artificial vision and remote  

sensing systems, and digital twin simulation  

and smart environment modeling tools enable  

the blockchain-based metaverse. 

Dwivedi et al., 2023;  

Lv et al., 2022; Polas  

et al., 2022; Zheng and 

Yuan, 2023 

Deep learning-based ambient sound processing  

and real-time data tracking tools, metaverse and 

immersive technologies, and image detection  

and computer vision algorithms assist synthetic 

digitally-mediated environments. 

Ersoy and Gürfidan, 2023; 

Grupac and Lăzăroiu, 

2022; Nica et al., 2022; 

Zallio and Clarkson, 2022 

3D immersive spaces and experiences  
can be achieved by use of conversational  

artificial intelligence and situational awareness 

algorithms, neuromorphic image processing and 

haptic object recognition systems, and affective  

and perceptual technologies. 

Hennig-Thurau et al., 
2022; McStay, 2022; 

Newell, 2022; Zhang  

et al., 2023a 

Blockchain-based metaverse platforms necessitate 

decision-making process automation and geospatial 

mapping tools, 3D modeling and simulation 

technologies, and deep learning-based predictive  

and image recognition algorithms. 

Aloqaily et al., 2022; Shen, 

2022; Venugopal et al., 

2023; Zhang et al., 2023b 

Decision support and data visualization tools, 

immersive extended reality technologies, and  

image data-based predictive and visual object 
tracking algorithms enable Web3-powered  

metaverse worlds and 3D virtual environments. 

Ding et al., 2022; 

Panagiotakopoulos et al., 

2022; Weking et al., 2023; 
Zhu et al., 2023 

Geospatial mapping and environment  

perception technologies, big data computing  

and autonomous cognitive systems, and data 

acquisition and 3D generative modeling tools 

configure extended reality environments. 

Bordegoni and Ferrise, 

2023; Li et al., 2023b; 

Rostami and Maier, 2022; 

Wang et al., 2022 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 
of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 

spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

Records identified through 
Web of Science search 

(n = 107) 

 

Records identified through 

Scopus and ProQuest search 
(n = 168) 

Records after duplicates removed 

(n = 168) 

 

Records screened 
(n = 168) 

 

Full-text articles 
assessed for eligibility 

(n = 133) 

 

Studies included in 

qualitative synthesis 
(n = 36) 

 

Full-text articles 
excluded, with reasons 

(n = 97): 
 

Out of scope (n = 32), 
Insufficient detail (n = 33), 

Limited rigor (n = 32) 

 

Records excluded 
(n = 35) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  
and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  

Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 
harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 

study designs. 

 
Distiller SR screened and extracted the collected data. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

 
Dedoose analyzed qualitative and mixed methods research. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 

Figure 6 Screening and quality assessment tools 
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4. Deep Learning-based Sensing and Geospatial Mapping Technologies, 

    Immersive Decentralized Networking and Digital Twin Simulation  

    Tools, and Motion Control and Emotion Detection Algorithms  

    in the Metaverse Interactive Environment 
 

Context recognition and ambient scene detection tools, sensing and com- 
puting technologies, and immersive visualization and navigation systems 

(Braud et al., 2022; Dolata and Schwabe, 2023; Han et al., 2022; McStay, 

2023) articulate the metaverse interactive environment. Deep learning-based 
sensing and geospatial mapping technologies, movement and behavior track- 

ing tools, and computer vision and immersive visualization systems assist 

extended reality environments. Immersive virtual environments integrate 
sensory data mining techniques, haptic bodysuits, real-time sensor data, and 

image acquisition devices. 

Immersive decentralized networking and digital twin simulation tools,  

blockchain and cloud computing technologies, and distributed decision and 
control algorithms (Dincelli and Yayla, 2022; Gauttier et al., 2022; Han et 

al., 2023a; Perkins, 2022) are pivotal in the interconnected metaverse. 3D 

capture and spatial computing technologies, artificial neural network-based 
decision support and immersive visualization systems, and data visualization 

and socio-spatial analytics tools further extended reality environments. 

Hyper-realistic personalized interactive experiences (Han et al., 2023b; 
He et al., 2023; Li et al., 2023a; Zhang et al., 2022) can be attained through 

holographic telepresence and cognitive enhancement technologies, visual 

perceptive and multimodal sensing systems, and motion control and emotion 

detection algorithms. Virtual navigation and automated speech recognition 
tools, machine learning and computer vision algorithms, and digital twinning 

and multisensor fusion technologies shape extended reality environments and 

interactive digital worlds. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Context recognition and ambient scene detection 

tools, sensing and computing technologies, and 

immersive visualization and navigation systems 

articulate the metaverse interactive environment. 

Braud et al., 2022; Dolata 

and Schwabe, 2023; Han  

et al., 2022; McStay, 2023 

Immersive decentralized networking and  

digital twin simulation tools, blockchain  

and cloud computing technologies, and  

distributed decision and control algorithms  

are pivotal in the interconnected metaverse. 

Dincelli and Yayla, 2022; 

Gauttier et al., 2022; Han 

et al., 2023a; Perkins, 2022 

Hyper-realistic personalized interactive experiences 

can be attained through holographic telepresence and 
cognitive enhancement technologies, visual 

perceptive and multimodal sensing systems, and 

motion control and emotion detection algorithms. 

Han et al., 2023b; He et 

al., 2023; Li et al., 2023a; 
Zhang et al., 2022 
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5. Deep Learning-based Ambient Sound Processing and Real-Time  

    Data Tracking Tools, Geospatial Artificial Intelligence and Cognitive  

    Modeling Technologies, and Machine Vision and Situational Awareness  

    Algorithms in the Blockchain-based Metaverse 
 

Immersive and extended reality technologies, artificial vision and remote 

sensing systems, and digital twin simulation and smart environment model- 
ing tools (Dwivedi et al., 2023; Lv et al., 2022; Polas et al., 2022; Zheng and 

Yuan, 2023) enable the blockchain-based metaverse. 3D modeling and natural 

language processing tools, data fusion and cognitive artificial intelligence 
technologies, and machine vision and situational awareness algorithms  

optimize interactive virtual and extended reality environments. 

Deep learning-based ambient sound processing and real-time data track- 

ing tools, metaverse and immersive technologies, and image detection and 
computer vision algorithms (Ersoy and Gürfidan, 2023; Grupac and Lăzăroiu, 

2022; Nica et al., 2022; Zallio and Clarkson, 2022) assist synthetic digitally-

mediated environments. Interactive digital worlds develop on monitoring 
and sensing technologies, digital twin modeling and virtual navigation tools, 

and automated speech recognition and artificial vision systems. 

3D immersive spaces and experiences (Hennig-Thurau et al., 2022; 
McStay, 2022; Newell, 2022; Zhang et al., 2023a) can be achieved by use of 

conversational artificial intelligence and situational awareness algorithms, 

neuromorphic image processing and haptic object recognition systems, and 

affective and perceptual technologies. Immersive 3D environments integrate 
movement and behavior tracking tools, geospatial artificial intelligence and 

cognitive modeling technologies, and 3D image processing and computer  

vision algorithms. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Immersive and extended reality  

technologies, artificial vision and remote  

sensing systems, and digital twin simulation  

and smart environment modeling tools enable  

the blockchain-based metaverse. 

Dwivedi et al., 2023;  

Lv et al., 2022; Polas  

et al., 2022; Zheng and 

Yuan, 2023 

Deep learning-based ambient sound processing  
and real-time data tracking tools, metaverse and 

immersive technologies, and image detection  

and computer vision algorithms assist synthetic 

digitally-mediated environments. 

Ersoy and Gürfidan, 2023; 
Grupac and Lăzăroiu, 

2022; Nica et al., 2022; 

Zallio and Clarkson, 2022 

3D immersive spaces and experiences  

can be achieved by use of conversational  

artificial intelligence and situational awareness 

algorithms, neuromorphic image processing and 

haptic object recognition systems, and affective  

and perceptual technologies. 

Hennig-Thurau et al., 

2022; McStay, 2022; 

Newell, 2022; Zhang  

et al., 2023a 
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6. Deep Learning-based Predictive and Image Recognition Algorithms, 

    Geospatial Mapping and Environment Perception Technologies,  

    and Data Acquisition and 3D Generative Modeling Tools  

    in Web3-powered Metaverse Worlds  
 

Blockchain-based metaverse platforms (Aloqaily et al., 2022; Shen, 2022; 
Venugopal et al., 2023; Zhang et al., 2023b) necessitate decision-making 

process automation and geospatial mapping tools, 3D modeling and simu- 

lation technologies, and deep learning-based predictive and image recognition 
algorithms. Extended reality environments require 3D object recognition and 

virtual twin technologies, deep learning and path planning algorithms, and 

virtual navigation and real-time data tracking tools. 
Decision support and data visualization tools, immersive extended reality 

technologies, and image data-based predictive and visual object tracking 

algorithms (Ding et al., 2022; Panagiotakopoulos et al., 2022; Weking et al., 

2023; Zhu et al., 2023) enable Web3-powered metaverse worlds and 3D 
virtual environments. Artificial intelligence-based image recognition and 

digital twin technologies, visual and spatial intelligence tools, and predictive 

maintenance and computer vision algorithms are instrumental in 3D inter- 
active digital spaces and blockchain-based virtual worlds. 

Geospatial mapping and environment perception technologies, big data 

computing and autonomous cognitive systems, and data acquisition and 3D 
generative modeling tools (Bordegoni and Ferrise, 2023; Li et al., 2023b; 

Rostami and Maier, 2022; Wang et al., 2022) configure extended reality 

environments. Simulation modeling and image recognition tools, deep  

learning-based sentiment and behavioral predictive analytics, and dynamic 
routing and spatial computing technologies configure immersive virtual  

environments. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Blockchain-based metaverse platforms necessitate 
decision-making process automation and geospatial 

mapping tools, 3D modeling and simulation 

technologies, and deep learning-based predictive  

and image recognition algorithms. 

Aloqaily et al., 2022; Shen, 
2022; Venugopal et al., 

2023; Zhang et al., 2023b 

Decision support and data visualization tools, 

immersive extended reality technologies, and  

image data-based predictive and visual object 

tracking algorithms enable Web3-powered  

metaverse worlds and 3D virtual environments. 

Ding et al., 2022; 

Panagiotakopoulos et al., 

2022; Weking et al., 2023; 

Zhu et al., 2023 

Geospatial mapping and environment  

perception technologies, big data computing  

and autonomous cognitive systems, and data 

acquisition and 3D generative modeling tools 

configure extended reality environments. 

Bordegoni and Ferrise, 

2023; Li et al., 2023b; 

Rostami and Maier, 2022; 

Wang et al., 2022 
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7. Discussion 
 

I integrate my systematic review throughout research indicating how virtual 

navigation and automated speech recognition tools, machine learning and 
computer vision algorithms, and digital twinning and multisensor fusion tech- 

nologies shape extended reality environments and interactive digital worlds. 

My research complements recent analyses clarifying how 3D modeling and 

natural language processing tools, data fusion and cognitive artificial intel- 
ligence technologies, and machine vision and situational awareness algorithms 

optimize interactive virtual and extended reality environments. I elucidate, by 

cumulative evidence, previous research demonstrating how deep learning-
based sensing and geospatial mapping technologies, movement and behavior 

tracking tools, and computer vision and immersive visualization systems 

assist extended reality environments. 

 
8. Synopsis of the Main Research Outcomes 
 

Interactive digital worlds develop on monitoring and sensing technologies, 
digital twin modeling and virtual navigation tools, and automated speech 

recognition and artificial vision systems. Simulation modeling and image 

recognition tools, deep learning-based sentiment and behavioral predictive 

analytics, and dynamic routing and spatial computing technologies configure 
immersive virtual environments. 

 
9. Conclusions 
 

Relevant research has investigated whether extended reality environments re- 

quire 3D object recognition and virtual twin technologies, deep learning and 

path planning algorithms, and virtual navigation and real-time data tracking 
tools. This systematic literature review presents the published peer-reviewed 

sources covering how artificial intelligence-based image recognition and 

digital twin technologies, visual and spatial intelligence tools, and predictive 
maintenance and computer vision algorithms are instrumental in 3D inter- 

active digital spaces and blockchain-based virtual worlds. The research 

outcomes drawn from the above analyses indicate that immersive virtual 

environments integrate sensory data mining techniques, haptic bodysuits, 
real-time sensor data, and image acquisition devices. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 

indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on predictive modeling and visual perception algorithms, ambient 
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sound recognition and processing tools, and deep neural network and vision 

sensing technologies in the decentralized and interconnected metaverse may 
have been excluded. Limitations of this research comprise particular kinds of 

publications (original empirical research and review articles) discounting 

others (conference proceedings articles, books, and editorial materials).  
The scope of my study also does not move forward the inspection of context 

recognition and ambient scene detection tools, sensing and computing tech- 

nologies, and immersive visualization and navigation systems.  

      Subsequent analyses should develop on immersive decentralized net- 
working and digital twin simulation tools, blockchain and cloud computing 

technologies, and distributed decision and control algorithms. Future research 

should thus investigate decision support and data visualization tools, immer- 
sive extended reality technologies, and image data-based predictive and 

visual object tracking algorithms. Attention should be directed to immersive 

and extended reality technologies, artificial vision and remote sensing systems, 

and digital twin simulation and smart environment modeling tools. 
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1. Introduction 
 

Deep learning-based spatial analytics, eye-tracking and digital contact tracing 

technologies, and deep learning artificial intelligence and image recognition 

tools further immersive interconnected virtual worlds. The purpose of our 
systematic review is to examine the recently published literature on the virtual 

economy of the metaverse and integrate the insights it configures on move- 

ment and behavior tracking tools, spatial computing and visual perception 
algorithms, and deep learning-based sensing and digital twin technologies. 

By analyzing the most recent (2022–2023) and significant (Web of Science, 

Scopus, and ProQuest) sources, our paper has attempted to prove that immer- 

sive 3D worlds develop on Internet of Things-based decision support and 
distributed autonomous control systems (Andronie et al., 2023; Lăzăroiu, 

2018; Popescu et al., 2017), physics-based modeling and simulation tools, 

and spatial computing and environment mapping algorithms. The actuality and 
novelty of this study are articulated by addressing affective and perceptual 

technologies, metaverse engagement metrics, and intelligent connectivity 

infrastructures, that is an emerging topic involving much interest. Our  
research problem is whether mobile geofencing and digital contact tracing 

technologies, multiscale spatial data processing and operational modeling 

tools (Andronie et al., 2021; Krizanova et al., 2019; Popescu et al., 2017), 

and text mining and analytics assist digitally-networked mediated spaces.  
      In this review, prior findings have been cumulated indicating that multi-

sensor fusion and real-time visual analytics systems (Barber, 2022; Nica, 

2017; Popescu, 2018; Vătămănescu et al., 2020), machine vision and location-
based predictive algorithms, and virtual and augmented reality tools optimize 

immersive digital worlds. The identified gaps advance machine learning-based 

image recognition and context awareness tools (Barbu et al., 2021; Nica, 2018; 
Rowland, 2022; Vinerean et al., 2022), biometric authentication and immer- 

sive visualization systems, and virtual simulation and cognitive decision-

making algorithms. Our main objective is to indicate that geospatial mapping 

and digital twin simulation tools (Barnes, 2022; Nica et al., 2023; Valaskova 
et al., 2022), sensorial and cognitive technologies, and deep learning-based 

ambient sound processing are instrumental in extended reality environments. 

 
2. Theoretical Overview of the Main Concepts 
 

Machine learning-based predictive and virtual mapping algorithms, artificial 

intelligence-powered prediction and autonomous visual object detection tools, 

and cloud-based cognitive and immersive 3D technologies are pivotal in 

immersive decentralized 3D digital worlds. Spatial computing and digital 
twinning technologies, virtual twin modeling and data mining tools, and big 

geospatial data and user journey analytics enable immersive 3D virtual envi- 

ronments. The manuscript is organized as following: theoretical overview 
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(section 2), methodology (section 3), immersive visualization and cyber-

physical cognitive systems, spatial computing and data analytics technologies, 
and natural language processing and virtual navigation tools in the metaverse 

economy (section 4), digital twinning and intelligent data processing tools, 

machine learning-based predictive and virtual mapping algorithms, and bio- 
metric authentication and immersive visualization systems in the metaverse 

interactive environment (section 5), deep learning-based sensing and immer- 

sive technologies, multiscale spatial data processing and operational modeling 

tools, and cognitive artificial intelligence and computer vision algorithms in 
the virtual economy of the metaverse (section 6), discussion (section 7),  

synopsis of the main research outcomes (section 8), conclusions (section 9), 

limitations, implications, and further directions of research (section 10). 

 
3. Methodology 
 

Throughout January 2023, a quantitative literature review of the Web of 
Science, Scopus, and ProQuest databases was performed, with search terms 

including “the virtual economy of the metaverse” + “movement and be- 

havior tracking tools,” “spatial computing and visual perception algorithms,” 
and “deep learning-based sensing and digital twin technologies.” As research 

published between 2022 and 2023 was inspected, only 173 articles satisfied 

the eligibility criteria. By taking out controversial or ambiguous findings 

(insufficient/irrelevant data), outcomes unsubstantiated by replication, too 
general material, or studies with nearly identical titles, we selected 33 mainly 

empirical sources (Tables 1 and 2). Data visualization tools: Dimensions 

(bibliometric mapping) and VOSviewer (layout algorithms). Reporting 
quality assessment tool: PRISMA. Methodological quality assessment tools 

include: AXIS, MMAT, ROBIS, and SRDR (Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

the virtual economy of the metaverse +  

movement and behavior tracking tools 

60 12 

the virtual economy of the metaverse +  

spatial computing and visual perception algorithms 

58 11 

the virtual economy of the metaverse +  

deep learning-based sensing and digital twin technologies 

55 10 

Type of paper   

Original research 143 24 

Review 21 9 

Conference proceedings 8 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the authors. Some topics overlap. 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Immersive metaverse experiences can be  

attained through deep learning and spatial  

cognition algorithms, immersive visualization  

and cyber-physical cognitive systems, and  

movement and behavior tracking tools. 

Chen, 2022; Duncan, 

2022; Xu et al., 2023; 

Zarantonello and Schmitt, 

2023 

Spatial computing and data analytics technologies, 

natural language processing and virtual navigation 

tools, and machine learning-based sentiment 

analytics articulate 3D virtual environments  

in the metaverse economy. 

Gauttier et al., 2022; 

Hollensen et al., 2023; 

Kliestik et al., 2023;  

Park and Kim, 2023 

Immersive virtual reality experiences  
can be achieved by use of auditory and  

visual immersion systems, context awareness  

and spatio-temporal fusion algorithms, and 

movement and behavior tracking tools. 

Cuțitoi, 2022; Giang 
Barrera and Shah, 2023; 

Tang et al., 2023 

Autonomous cognitive and networked immersive 

virtual reality systems, modeling and forecasting 

tools, and computer vision and spatio-temporal 

fusion algorithms shape blockchain-based metaverse 

platforms and 3D virtual immersive environments. 

Cheng et al., 2022;  

Ersoy and Gürfidan,  

2023; Hancock, 2022; 

Zhang et al., 2023 

The metaverse interactive environment and 

immersive digital worlds develop on digital  

twinning and intelligent data processing tools,  

cloud and edge computing technologies, and picture-
making neural and interoperable virtual networks. 

Du et al., 2023; Golf-

Papez et al., 2022; Huynh-

The et al., 2023a; Zhou et 

al., 2023 

Immersive virtual experiences can be attained by use 

of machine learning-based image recognition and 

context awareness tools, biometric authentication and 

immersive visualization systems, and virtual 

simulation and cognitive decision-making algorithms. 

Jenkins, 2022; Van Huynh 

et al., 2022; Weking et al., 

2023; Zainab et al., 2022 

The virtual economy of the metaverse  

necessitate deep reinforcement learning  

and predictive modeling tools, eye-tracking  

and 3D object recognition technologies,  

and hyper-realistic immersive 3D simulations. 

Kwok and Tang, 2023;  

Lv et al., 2022a; Zhang  

et al., 2022 

The digital asset-based virtual economy and 

extended reality environments integrate affective  

and perceptual technologies, metaverse engagement 
metrics, and intelligent connectivity infrastructures. 

Faraboschi et al., 2022; 

Mourtzis et al., 2022; 

Wongkitrungrueng and 
Suprawan, 2023 

Hyperconnected virtual experiences can be  

achieved through cognitive artificial intelligence  

and computer vision algorithms, spatial awareness 

and tracking tools, and empathetic computing and 

immersive visualization systems. 

Huynh-The et al., 2023b; 

Nagendran et al., 2022;  

Lv et al., 2022b; Wu et  

al., 2023 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 
spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 
Web of Science search 

(n = 115) 

 

Records identified through 
Scopus and ProQuest search 

(n = 173) 

Records after duplicates removed 

(n = 173) 

 

Records screened 
(n = 173) 

 

Full-text articles 

assessed for eligibility 
(n = 131) 

 

Studies included in 
qualitative synthesis 

(n = 33) 

 

Full-text articles 
excluded, with reasons 

(n = 98): 
 

Out of scope (n = 34), 
Insufficient detail (n = 31), 

Limited rigor (n = 33) 

 

Records excluded 
(n = 42) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  
Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 
study designs. 

 
Distiller SR screened and extracted the collected data. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

 
Dedoose analyzed qualitative and mixed methods research. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 

Figure 6 Screening and quality assessment tools 
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4. Immersive Visualization and Cyber-Physical Cognitive Systems,  

    Spatial Computing and Data Analytics Technologies, and  

    Natural Language Processing and Virtual Navigation Tools  

    in the Metaverse Economy 
 

Immersive metaverse experiences (Chen, 2022; Duncan, 2022; Xu et al., 

2023; Zarantonello and Schmitt, 2023) can be attained through deep learning 

and spatial cognition algorithms, immersive visualization and cyber-physical 
cognitive systems, and movement and behavior tracking tools. Multi-sensor 

fusion and real-time visual analytics systems, machine vision and location-

based predictive algorithms, and virtual and augmented reality tools optimize 
immersive digital worlds. 

Spatial computing and data analytics technologies, natural language  

processing and virtual navigation tools, and machine learning-based sen- 
timent analytics (Gauttier et al., 2022; Hollensen et al., 2023; Kliestik et al., 

2023; Park and Kim, 2023) articulate 3D virtual environments in the meta- 

verse economy. Immersive 3D worlds develop on Internet of Things-based 

decision support and distributed autonomous control systems, physics-based 
modeling and simulation tools, and spatial computing and environment  

mapping algorithms. 

Immersive virtual reality experiences (Cuțitoi, 2022; Giang Barrera and 
Shah, 2023; Tang et al., 2023) can be achieved by use of auditory and visual 

immersion systems, context awareness and spatio-temporal fusion algorithms, 

and movement and behavior tracking tools. Extended reality environments 
integrate edge artificial intelligence computing and network virtualization 

systems, multi-machine cooperation and socio-spatial analytics tools, and deep 

learning and visual cognitive algorithms. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Immersive metaverse experiences can be  

attained through deep learning and spatial  

cognition algorithms, immersive visualization  

and cyber-physical cognitive systems, and  

movement and behavior tracking tools. 

Chen, 2022; Duncan, 

2022; Xu et al., 2023; 

Zarantonello and Schmitt, 

2023 

Spatial computing and data analytics technologies, 

natural language processing and virtual navigation 

tools, and machine learning-based sentiment 

analytics articulate 3D virtual environments  
in the metaverse economy. 

Gauttier et al., 2022; 

Hollensen et al., 2023; 

Kliestik et al., 2023;  

Park and Kim, 2023 

Immersive virtual reality experiences  

can be achieved by use of auditory and  

visual immersion systems, context awareness  

and spatio-temporal fusion algorithms, and 

movement and behavior tracking tools. 

Cuțitoi, 2022; Giang 

Barrera and Shah, 2023; 

Tang et al., 2023 
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5. Digital Twinning and Intelligent Data Processing Tools,  

    Machine Learning-based Predictive and Virtual Mapping  

    Algorithms, and Biometric Authentication and Immersive  

    Visualization Systems in the Metaverse Interactive Environment 
 

Autonomous cognitive and networked immersive virtual reality systems, mod- 
eling and forecasting tools, and computer vision and spatio-temporal fusion 

algorithms (Cheng et al., 2022; Ersoy and Gürfidan, 2023; Hancock, 2022; 

Zhang et al., 2023) shape blockchain-based metaverse platforms and 3D virtual 
immersive environments. Shared virtual environments require deep learning 

and visual perception algorithms, machine learning-based image recognition 

and big data management tools, and sensing and computing technologies. 
The metaverse interactive environment and immersive digital worlds (Du 

et al., 2023; Golf-Papez et al., 2022; Huynh-The et al., 2023a; Zhou et al., 

2023) develop on digital twinning and intelligent data processing tools, cloud 

and edge computing technologies, and picture-making neural and interoper- 
able virtual networks. Machine learning-based predictive and virtual mapping 

algorithms, artificial intelligence-powered prediction and autonomous visual 

object detection tools, and cloud-based cognitive and immersive 3D tech- 
nologies are pivotal in immersive decentralized 3D digital worlds. 

Immersive virtual experiences (Jenkins, 2022; Van Huynh et al., 2022; 

Weking et al., 2023; Zainab et al., 2022) can be attained by use of machine 
learning-based image recognition and context awareness tools, biometric 

authentication and immersive visualization systems, and virtual simulation 

and cognitive decision-making algorithms. Geospatial mapping and digital twin 

simulation tools, sensorial and cognitive technologies, and deep learning-
based ambient sound processing are instrumental in extended reality environ- 

ments. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Autonomous cognitive and networked immersive 
virtual reality systems, modeling and forecasting 

tools, and computer vision and spatio-temporal 

fusion algorithms shape blockchain-based metaverse 

platforms and 3D virtual immersive environments. 

Cheng et al., 2022;  
Ersoy and Gürfidan,  

2023; Hancock, 2022; 

Zhang et al., 2023 

The metaverse interactive environment and 

immersive digital worlds develop on digital  

twinning and intelligent data processing tools,  

cloud and edge computing technologies, and picture-

making neural and interoperable virtual networks. 

Du et al., 2023; Golf-

Papez et al., 2022; Huynh-

The et al., 2023a; Zhou et 

al., 2023 

Immersive virtual experiences can be attained by use 

of machine learning-based image recognition and 

context awareness tools, biometric authentication and 

immersive visualization systems, and virtual 

simulation and cognitive decision-making algorithms. 

Jenkins, 2022; Van Huynh 

et al., 2022; Weking et al., 

2023; Zainab et al., 2022 
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6. Deep Learning-based Sensing and Immersive Technologies,  

    Multiscale Spatial Data Processing and Operational Modeling  

    Tools, and Cognitive Artificial Intelligence and Computer Vision 

    Algorithms in the Virtual Economy of the Metaverse 
 

The virtual economy of the metaverse (Kwok and Tang, 2023; Lv et al., 

2022a; Zhang et al., 2022) necessitate deep reinforcement learning and pre- 

dictive modeling tools, eye-tracking and 3D object recognition technologies, 
and hyper-realistic immersive 3D simulations. Deep learning-based sensing 

and immersive technologies, automated speech recognition and 3D modeling 

tools, and text mining and analytics configure blockchain-based virtual worlds. 
The digital asset-based virtual economy and extended reality environ- 

ments (Faraboschi et al., 2022; Mourtzis et al., 2022; Wongkitrungrueng and 

Suprawan, 2023) integrate affective and perceptual technologies, metaverse 
engagement metrics, and intelligent connectivity infrastructures.  Mobile 

geofencing and digital contact tracing technologies, multiscale spatial data 

processing and operational modeling tools, and text mining and analytics 

assist digitally-networked mediated spaces. Deep learning-based spatial 
analytics, eye-tracking and digital contact tracing technologies, and deep 

learning artificial intelligence and image recognition tools further immersive 

interconnected virtual worlds. 
Hyperconnected virtual experiences (Huynh-The et al., 2023b; Nagendran 

et al., 2022; Lv et al., 2022b; Wu et al., 2023) can be achieved through 

cognitive artificial intelligence and computer vision algorithms, spatial  
awareness and tracking tools, and empathetic computing and immersive 

visualization systems. Spatial computing and digital twinning technologies, 

virtual twin modeling and data mining tools, and big geospatial data and user 

journey analytics enable immersive 3D virtual environments. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

The virtual economy of the metaverse  

necessitate deep reinforcement learning  

and predictive modeling tools, eye-tracking  

and 3D object recognition technologies,  

and hyper-realistic immersive 3D simulations. 

Kwok and Tang, 2023;  

Lv et al., 2022a; Zhang  

et al., 2022 

The digital asset-based virtual economy and 
extended reality environments integrate affective  

and perceptual technologies, metaverse engagement 

metrics, and intelligent connectivity infrastructures. 

Faraboschi et al., 2022; 
Mourtzis et al., 2022; 

Wongkitrungrueng and 

Suprawan, 2023 

Hyperconnected virtual experiences can be  

achieved through cognitive artificial intelligence  

and computer vision algorithms, spatial awareness 

and tracking tools, and empathetic computing and 

immersive visualization systems. 

Huynh-The et al., 2023b; 

Nagendran et al., 2022;  

Lv et al., 2022b; Wu et  

al., 2023 
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7. Discussion 
 

We integrate our systematic review throughout research indicating how im- 

mersive 3D worlds develop on Internet of Things-based decision support and 

distributed autonomous control systems, physics-based modeling and simula- 

tion tools, and spatial computing and environment mapping algorithms. Our 
research complements recent analyses clarifying how extended reality envi- 

ronments integrate edge artificial intelligence computing and network virtual- 

ization systems, multi-machine cooperation and socio-spatial analytics tools, 
and deep learning and visual cognitive algorithms. We elucidate, by cumu- 

lative evidence, previous research demonstrating how multi-sensor fusion and 

real-time visual analytics systems, machine vision and location-based pre- 
dictive algorithms, and virtual and augmented reality tools optimize immersive 

digital worlds. 

 
8. Synopsis of the Main Research Outcomes 
 

Deep learning-based sensing and immersive technologies, automated speech 
recognition and 3D modeling tools, and text mining and analytics configure 

blockchain-based virtual worlds. Deep learning-based spatial analytics, eye-

tracking and digital contact tracing technologies, and deep learning artificial 

intelligence and image recognition tools further immersive interconnected 
virtual worlds. 

 
9. Conclusions 
 

Relevant research has investigated whether mobile geofencing and digital 

contact tracing technologies, multiscale spatial data processing and operation- 
al modeling tools, and text mining and analytics assist digitally-networked 

mediated spaces. This systematic literature review presents the published peer-

reviewed sources covering how shared virtual environments require deep 
learning and visual perception algorithms, machine learning-based image 

recognition and big data management tools, and sensing and computing 

technologies. The research outcomes drawn from the above analyses indicate 

that geospatial mapping and digital twin simulation tools, sensorial and cog- 
nitive technologies, and deep learning-based ambient sound processing are 

instrumental in extended reality environments. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 
indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on movement and behavior tracking tools, spatial computing and 

visual perception algorithms, and deep learning-based sensing and digital twin 
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technologies in the virtual economy of the metaverse may have been ex- 

cluded. Limitations of this research comprise particular kinds of publications 
(original empirical research and review articles) discounting others (con- 

ference proceedings articles, books, and editorial materials). The scope of 

our study also does not move forward the inspection of deep learning and 
spatial cognition algorithms, immersive visualization and cyber-physical cog- 

nitive systems, and movement and behavior tracking tools.  

      Subsequent analyses should develop on digital twinning and intelligent 

data processing tools, cloud and edge computing technologies, and picture-
making neural and interoperable virtual networks. Future research should thus 

investigate deep reinforcement learning and predictive modeling tools, eye-

tracking and 3D object recognition technologies, and hyper-realistic immer- 
sive 3D simulations. Attention should be directed to cognitive artificial  

intelligence and computer vision algorithms, spatial awareness and tracking 

tools, and empathetic computing and immersive visualization systems. 
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1. Introduction 
 

Sensor fusion and objection recognition algorithms, 3D imaging and display 

technologies, and geospatial analytics and image processing tools are pivotal 

in interactive virtual and extended reality environments. The purpose of my 
systematic review is to examine the recently published literature on immersive 

3D virtual reality environments and integrate the insights it configures on 

digital twin and metaverse technologies, cognitive mapping and navigation 
tools, and image processing computational and object tracking algorithms. 

By analyzing the most recent (2022–2023) and significant (Web of Science, 

Scopus, and ProQuest) sources, my paper has attempted to prove that voice 

recognition software, virtual modeling technologies, data mining techniques, 
and multi-sensory extended reality shape immersive 3D worlds. The actuality 

and novelty of this study are articulated by addressing Internet of Things-

based decision support and cognitive computing systems (Andronie et al., 
2021; Lăzăroiu et al., 2022a; Nica et al., 2023), data visualization and digital 

twin simulation tools, and machine learning-based navigation and 3D path 

planning algorithms, that is an emerging topic involving much interest. My 
research problem is whether bio-sensing and actuation systems, data modeling 

and automated speech recognition tools, and cognitive decision-making and 

image processing computational algorithms (Balcerzak et al., 2022; Lăzăroiu 

et al., 2022b; Pelau et al., 2021) further synthetic reality spaces.  
      In this review, prior findings have been cumulated indicating that ex- 

tended reality environments necessitate simulation and modeling technologies, 

sensor data fusion, real-time data tracking and geospatial intelligence tools 
(Dabija et al., 2022; Lewkowich, 2022; Pop et al., 2018), and cognitive and 

behavioral algorithms. The identified gaps advance use of data visualization 

and deep reinforcement learning tools, environment mapping and conver- 
sational artificial intelligence algorithms, and cognitive enhancement and 

image recognition technologies. My main objective is to indicate that com- 

puter vision and spatio-temporal fusion algorithms (Kliestik et al., 2020; 

Nica, 2018; Popescu et al., 2017a), haptic and multisensory technologies, 
and cognitive computing and visual perceptive systems (Lăzăroiu et al., 

2017; Nica et al., 2022; Popescu et al., 2017b; Valaskova et al., 2022a) shape 

3D interactive digital spaces. 

 
2. Theoretical Overview of the Main Concepts 
 

Digital twin simulation and virtual navigation tools, bio-inspired computa- 

tional intelligence and emotion detection algorithms, and immersive and 

extended reality technologies are instrumental in 3D digital environments. 
Interconnected virtual worlds integrate deep learning and edge intelligence 

algorithms, affective computing and digital scent technologies, and decision-

making process automation and data visualization tools. The manuscript is 
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organized as following: theoretical overview (section 2), methodology (section 

3), cognitive decision-making and image processing computational algo- 
rithms, machine learning-based object recognition and spatial computing 

technologies, and bio-sensing and actuation systems in the metaverse inter- 

active environment (section 4), geospatial mapping and cognitive automation 
technologies, socially-oriented location tracking and contextual data monitor- 

ing tools, and sensor path planning and situational awareness algorithms in 

the decentralized metaverse (section 5), bio-inspired computational intelli- 

gence and emotion detection algorithms, Internet of Things-based decision 
support and cognitive computing systems, and geospatial analytics and 

image processing tools in the virtual environment of the metaverse (section 

6), discussion (section 7), synopsis of the main research outcomes (section 
8), conclusions (section 9), limitations, implications, and further directions 

of research (section 10). 

 
3. Methodology 
 

Throughout December 2022, I performed a quantitative literature review of 
the Web of Science, Scopus, and ProQuest databases, with search terms  

including “immersive 3D virtual reality environments” + “digital twin and 

metaverse technologies,” “cognitive mapping and navigation tools,” and 

“processing computational and object tracking algorithms.” As I inspected 
research published between 2022 and 2023, only 174 articles satisfied  

the eligibility criteria. By eliminating controversial findings, outcomes unsub- 

stantiated by replication, too imprecise material, or having similar titles, I 
decided upon 33, generally empirical, sources (Tables 1 and 2). Data visual- 

ization tools: Dimensions (bibliometric mapping) and VOSviewer (layout 

algorithms). Reporting quality assessment tool: PRISMA. Methodological 
quality assessment tools include: AXIS, Dedoose, Distiller SR, and MMAT 

(Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

immersive 3D virtual reality environments +  

digital twin and metaverse technologies 

60 12 

immersive 3D virtual reality environments +  
cognitive mapping and navigation tools 

58 11 

immersive 3D virtual reality environments + image 

processing computational and object tracking algorithms 

56 10 

Type of paper   

Original research 145 22 

Review 21 11 

Conference proceedings 7 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the author. Some topics overlap. 
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Figure 1 Co-authorship 

 
 

Figure 2 Citation 
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Figure 3 Bibliographic coupling 

 

 

 
Figure 4 Co-citation 

 
 
 



 184 

 

Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Metaverse engagement and experiences  

can be achieved by use of data visualization  

and deep reinforcement learning tools, environment 

mapping and conversational artificial intelligence 

algorithms, and cognitive enhancement and image 

recognition technologies. 

Cao, 2022; 

Panagiotakopoulos et al., 

2022; Vidal-Tomás, 2023 

The metaverse interactive environment requires  

deep learning-based sensing and cognitive artificial 

intelligence technologies, virtual navigation and real-

time data tracking tools, and spatial computing and 

predictive maintenance algorithms. 

Dincelli and Yayla, 2022; 

Kozinets, 2023; Zhang et 

al., 2022 

Immersive virtual experiences can be attained 
through monitoring and sensing technologies, image 

recognition and synthetic data tools, and machine 

vision and spatial cognition algorithms. 

Bratu and Sabău, 2022; 
Corpodean et al., 2022; 

Ding et al., 2022; Xian et 

al., 2023 

Biometric authentication and immersive  

visualization systems, spatial data mapping  

and simulation modeling tools, user identification 

technology and location data, and image recognition 

and visual perception algorithms configure  

the metaverse economy. 

Du et al., 2023; Hadi et al., 

2023; Queiroz et al., 2023; 

Zarantonello and Schmitt, 

2023 

Eye-tracking and visual immersion technologies, 

sensor path planning and situational awareness 

algorithms, and spatial awareness and data acquisition 

tools articulate the decentralized metaverse. 

He et al., 2023; Huang et 

al., 2023; Lv et al., 2022; 

Shen, 2022 

Socially-oriented location tracking and contextual data 
monitoring tools, 3D modeling technologies, 

simulation modeling and deep learning algorithms, 

and big data computing and artificial vision systems 

articulate ambient intelligence environments. 

Daneshfar and Jamshidi, 
2023; Meng et al., 2023; 

Njoku et al., 2023; Xu et 

al., 2023 

Perception and planning algorithms, digital twin 

modeling and machine learning-based image 

recognition tools, and computer vision and 

navigation systems enable the virtual environment  

of the metaverse. 

Rostami and Maier, 2022; 

Yoo et al., 2023; Zheng 

and Yuan, 2023 

Synthetic data and ambient intelligence tools, 

metaverse engagement metrics, and sensor-based 

object recognition and tactile sensing technologies  

further real-time immersive 3D worlds. 

Huynh-The et al., 2023; 

Smart, 2022; Valaskova  

et al., 2022b; Zyda, 2022 

Internet of Things-based decision support and 
cognitive computing systems, data visualization and 

digital twin simulation tools, and machine learning-

based navigation and 3D path planning algorithms 

assist augmented reality-powered immersive spaces. 

Braud et al., 2022; 
Ramadan, 2023; 

Valaskova et al., 2022c; 

Zhang et al., 2023 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 
of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 

spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

Records identified through 
Web of Science search 

(n = 114) 

 

Records identified through 

Scopus and ProQuest search 
(n = 174) 

Records after duplicates removed 

(n = 174) 

 

Records screened 
(n = 174) 

 

Full-text articles 
assessed for eligibility 

(n = 133) 

 

Studies included in 

qualitative synthesis 
(n = 33) 

 

Full-text articles 
excluded, with reasons 

(n = 100): 
 

Out of scope (n = 33), 
Insufficient detail (n = 32), 

Limited rigor (n = 35) 

 

Records excluded 
(n = 41) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  
and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  

Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
Distiller SR screened and extracted the collected data. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 
harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 

study designs. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 
Dedoose analyzed qualitative and mixed methods research. 

 

Figure 6 Screening and quality assessment tools 
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4. Cognitive Decision-Making and Image Processing Computational 

    Algorithms, Machine Learning-based Object Recognition and  

    Spatial Computing Technologies, and Bio-Sensing and Actuation  

    Systems in the Metaverse Interactive Environment 
 

Metaverse engagement and experiences (Cao, 2022; Panagiotakopoulos et al., 

2022; Vidal-Tomás, 2023) can be achieved by use of data visualization and 

deep reinforcement learning tools, environment mapping and conversational 
artificial intelligence algorithms, and cognitive enhancement and image 

recognition technologies. Bio-sensing and actuation systems, data modeling 

and automated speech recognition tools, and cognitive decision-making and 
image processing computational algorithms further synthetic reality spaces. 

The metaverse interactive environment (Dincelli and Yayla, 2022; 

Kozinets, 2023; Zhang et al., 2022) requires deep learning-based sensing and 
cognitive artificial intelligence technologies, virtual navigation and real-time 

data tracking tools, and spatial computing and predictive maintenance algo- 

rithms. Computer vision and spatio-temporal fusion algorithms, haptic and 

multisensory technologies, and cognitive computing and visual perceptive 
systems shape 3D interactive digital spaces. 

Immersive virtual experiences (Bratu and Sabău, 2022; Corpodean et al., 

2022; Ding et al., 2022; Xian et al., 2023) can be attained through monitor- 
ing and sensing technologies, image recognition and synthetic data tools, and 

machine vision and spatial cognition algorithms. Multi-sensor fusion and 

perception systems, computer vision and data-driven artificial intelligence 
algorithms, and machine learning-based object recognition and spatial com- 

puting technologies optimize the blockchain-based virtual economy. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Metaverse engagement and experiences  

can be achieved by use of data visualization  

and deep reinforcement learning tools, environment 

mapping and conversational artificial intelligence 

algorithms, and cognitive enhancement and image 

recognition technologies. 

Cao, 2022; 

Panagiotakopoulos et al., 

2022; Vidal-Tomás, 2023 

The metaverse interactive environment requires  

deep learning-based sensing and cognitive artificial 
intelligence technologies, virtual navigation and real-

time data tracking tools, and spatial computing and 

predictive maintenance algorithms. 

Dincelli and Yayla, 2022; 

Kozinets, 2023; Zhang et 
al., 2022 

Immersive virtual experiences can be attained 

through monitoring and sensing technologies, image 

recognition and synthetic data tools, and machine 

vision and spatial cognition algorithms. 

Bratu and Sabău, 2022; 

Corpodean et al., 2022; 

Ding et al., 2022; Xian et 

al., 2023 
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5. Geospatial Mapping and Cognitive Automation Technologies,  

    Socially-oriented Location Tracking and Contextual Data  

    Monitoring Tools, and Sensor Path Planning and Situational  

    Awareness Algorithms in the Decentralized Metaverse 
 

Biometric authentication and immersive visualization systems, spatial data 
mapping and simulation modeling tools, user identification technology and 

location data, and image recognition and visual perception algorithms (Du et 

al., 2023; Hadi et al., 2023; Queiroz et al., 2023; Zarantonello and Schmitt, 
2023) configure the metaverse economy. Extended reality environments  

develop on brain-inspired artificial intelligence and sensor fusion algorithms, 

geospatial mapping and cognitive automation technologies, and human 
digital twin and geospatial big data visualization systems. 

Eye-tracking and visual immersion technologies, sensor path planning and 

situational awareness algorithms, and spatial awareness and data acquisition 

tools (He et al., 2023; Huang et al., 2023; Lv et al., 2022; Shen, 2022) 
articulate the decentralized metaverse. Interconnected virtual worlds integrate 

deep learning and edge intelligence algorithms, affective computing and 

digital scent technologies, and decision-making process automation and data 
visualization tools. 

Socially-oriented location tracking and contextual data monitoring tools, 

3D modeling technologies, simulation modeling and deep learning algo- 
rithms, and big data computing and artificial vision systems (Daneshfar and 

Jamshidi, 2023; Meng et al., 2023; Njoku et al., 2023; Xu et al., 2023) 

articulate ambient intelligence environments. Extended reality environments 

necessitate simulation and modeling technologies, sensor data fusion, real-
time data tracking and geospatial intelligence tools, and cognitive and be- 

havioral algorithms. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Biometric authentication and immersive  
visualization systems, spatial data mapping  

and simulation modeling tools, user identification 

technology and location data, and image recognition 

and visual perception algorithms configure  

the metaverse economy. 

Du et al., 2023; Hadi et al., 
2023; Queiroz et al., 2023; 

Zarantonello and Schmitt, 

2023 

Eye-tracking and visual immersion technologies, 

sensor path planning and situational awareness 

algorithms, and spatial awareness and data acquisition 

tools articulate the decentralized metaverse. 

He et al., 2023; Huang et 

al., 2023; Lv et al., 2022; 

Shen, 2022 

Socially-oriented location tracking and contextual data 

monitoring tools, 3D modeling technologies, 

simulation modeling and deep learning algorithms, 

and big data computing and artificial vision systems 

articulate ambient intelligence environments. 

Daneshfar and Jamshidi, 

2023; Meng et al., 2023; 

Njoku et al., 2023; Xu et 

al., 2023 
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6. Bio-inspired Computational Intelligence and Emotion Detection 

    Algorithms, Internet of Things-based Decision Support and  

    Cognitive Computing Systems, and Geospatial Analytics and  

    Image Processing Tools in the Virtual Environment of the Metaverse 
 

Perception and planning algorithms, digital twin modeling and machine 
learning-based image recognition tools, and computer vision and navigation 

systems (Rostami and Maier, 2022; Yoo et al., 2023; Zheng and Yuan, 2023) 

enable the virtual environment of the metaverse. Sensor fusion and objection 
recognition algorithms, 3D imaging and display technologies, and geospatial 

analytics and image processing tools are pivotal in interactive virtual and 

extended reality environments. Voice recognition software, virtual modeling 
technologies, data mining techniques, and multi-sensory extended reality 

shape immersive 3D worlds. 

Synthetic data and ambient intelligence tools, metaverse engagement  

metrics, and sensor-based object recognition and tactile sensing technologies  
(Huynh-The et al., 2023; Smart, 2022; Valaskova et al., 2022a; Zyda, 2022) 

further real-time immersive 3D worlds. Digital twin simulation and virtual 

navigation tools, bio-inspired computational intelligence and emotion 
detection algorithms, and immersive and extended reality technologies are 

instrumental in 3D digital environments. 

Internet of Things-based decision support and cognitive computing sys- 
tems, data visualization and digital twin simulation tools, and machine  

learning-based navigation and 3D path planning algorithms (Braud et al., 

2022; Ramadan, 2023; Valaskova et al., 2022b; Zhang et al., 2023) assist 

augmented reality-powered immersive spaces. Haptic and sensory tech- 
nologies, movement and behavior tracking tools, and machine learning-based 

recognition and image detection algorithms configure 3D computer‐generated 

virtual environments. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Perception and planning algorithms, digital twin 

modeling and machine learning-based image 

recognition tools, and computer vision and 

navigation systems enable the virtual environment  

of the metaverse. 

Rostami and Maier, 2022; 

Yoo et al., 2023; Zheng 

and Yuan, 2023 

Synthetic data and ambient intelligence tools, 

metaverse engagement metrics, and sensor-based 

object recognition and tactile sensing technologies  

further real-time immersive 3D worlds. 

Huynh-The et al., 2023; 

Smart, 2022; Valaskova  

et al., 2022b; Zyda, 2022 

Internet of Things-based decision support and 

cognitive computing systems, data visualization and 
digital twin simulation tools, and machine learning-

based navigation and 3D path planning algorithms 

assist augmented reality-powered immersive spaces. 

Braud et al., 2022; 

Ramadan, 2023; 
Valaskova et al., 2022c; 

Zhang et al., 2023 
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7. Discussion 
 

I integrate my systematic review throughout research indicating how com- 

puter vision and spatio-temporal fusion algorithms, haptic and multisensory 
technologies, and cognitive computing and visual perceptive systems shape 

3D interactive digital spaces. My research complements recent analyses 

clarifying how multi-sensor fusion and perception systems, computer vision 

and data-driven artificial intelligence algorithms, and machine learning-based 
object recognition and spatial computing technologies optimize the block- 

chain-based virtual economy. I elucidate, by cumulative evidence, previous 

research demonstrating how bio-sensing and actuation systems, data modeling 
and automated speech recognition tools, and cognitive decision-making and 

image processing computational algorithms further synthetic reality spaces. 

 
8. Synopsis of the Main Research Outcomes 
 

Extended reality environments develop on brain-inspired artificial intelligence 

and sensor fusion algorithms, geospatial mapping and cognitive automation 
technologies, and human digital twin and geospatial big data visualization 

systems. Extended reality environments necessitate simulation and modeling 

technologies, sensor data fusion, real-time data tracking and geospatial intel- 

ligence tools, and cognitive and behavioral algorithms. 

 
9. Conclusions 
 

Relevant research has investigated whether voice recognition software, virtual 
modeling technologies, data mining techniques, and multi-sensory extended 

reality shape immersive 3D worlds. This systematic literature review presents 

the published peer-reviewed sources covering how haptic and sensory tech- 
nologies, movement and behavior tracking tools, and machine learning-based 

recognition and image detection algorithms configure 3D computer‐generated 

virtual environments. The research outcomes drawn from the above analyses 
indicate that sensor fusion and objection recognition algorithms, 3D imaging 

and display technologies, and geospatial analytics and image processing 

tools are pivotal in interactive virtual and extended reality environments.  

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 

indexed in the Web of Science, Scopus, and ProQuest databases, relevant 
sources on digital twin and metaverse technologies, cognitive mapping and 

navigation tools, and image processing computational and object tracking 

algorithms in immersive 3D virtual reality environments may have been ex- 
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cluded. Limitations of this research comprise particular kinds of publications 

(original empirical research and review articles) discounting others (con- 
ference proceedings articles, books, and editorial materials). The scope of my 

study also does not move forward the inspection of biometric authentication 

and immersive visualization systems, spatial data mapping and simulation 
modeling tools, user identification technology and location data, and image 

recognition and visual perception algorithms.  
      Subsequent analyses should develop on perception and planning algo- 

rithms, digital twin modeling and machine learning-based image recognition 
tools, and computer vision and navigation systems. Future research should 

thus investigate synthetic data and ambient intelligence tools, metaverse 

engagement metrics, and sensor-based object recognition and tactile sensing 
technologies. Attention should be directed to deep learning-based sensing 

and cognitive artificial intelligence technologies, virtual navigation and real-

time data tracking tools, and spatial computing and predictive maintenance 

algorithms. 
 

 
Kathleen Porter, https://orcid.org/0000-0001-9887-8660 

 

Compliance with ethical standards 

This article does not contain any studies with human participants or animals per- 

formed by the author. Extracting and inspecting publicly accessible files (scholarly 

sources) as evidence, before the research began no institutional ethics approval was 
required. 
 

Data availability statement 

All data generated or analyzed are included in the published article. 
 

Funding information 

This paper was supported by Grant GE-1823847 from the Internet of Things 

Sensing Networks Research Unit, Plymouth, England. The funder had no role in 
study design, data collection analysis, and interpretation, decision to submit the man- 

uscript for publication, or the preparation and writing of this paper. 
 

Author contributions 

The author confirms being the sole contributor of this work and approved it for 

publication. The author takes full responsibility for the accuracy and the integrity of 

the data analysis. 
 

Conflict of interest statement 

The author declares that the research was conducted in the absence of any commercial 

or financial relationships that could be construed as a potential conflict of interest.  
 

Disclosure by the editors of record  

The editors declare no conflict of interest in the review and publication decision 

regarding this article. 
 



 192 

REFERENCES 
 

Andronie, M., Lăzăroiu, G., Iatagan, M., Uță, C., Ștefănescu, R., and Cocoșatu, M. 

(2021). “Artificial Intelligence-based Decision-Making Algorithms, Internet of 

Things Sensing Networks, and Deep Learning-Assisted Smart Process Manage- 

ment in Cyber-Physical Production Systems,” Electronics 10(20): 2497. doi: 

10.3390/electronics10202497. 

Balcerzak, A. P., Nica, E., Rogalska, E., Poliak, M., Klieštik, T., and Sabie, O.-M. 

(2022). “Blockchain Technology and Smart Contracts in Decentralized Gover- 

nance Systems,” Administrative Sciences 12: 96. doi: 10.3390/admsci12030096. 

Bratu, S., and Sabău, R. I. (2022). “Digital Commerce in the Immersive Metaverse 

Environment: Cognitive Analytics Management, Real-Time Purchasing Data, 

and Seamless Connected Shopping Experiences,” Linguistic and Philosophical 
Investigations 21: 170–186. doi: 10.22381/lpi21202211. 

Braud, T., Lee, L.-H., Alhilal, A., Fernández, C. B., and Hui, P. (2022). “DiOS – An 

Extended Reality Operating System for the Metaverse,” IEEE MultiMedia. doi: 

10.1109/MMUL.2022.3211351. 

Cao, L. (2022). “Decentralized AI: Edge Intelligence and Smart Blockchain, Meta- 

verse, Web3, and DeSci,” IEEE Intelligent Systems 37(3): 6–19. doi: 10.1109/ 

MIS.2022.3181504. 

Corpodean, H., Tudosă, P., Popescu, K. C., and Petreanu, A.-M.-S. (2022). “Meta- 

verse Employee Socialization and Operations Management, Mobile Biometric 

and Sentiment Data, and Wearable Augmented Reality Devices in Immersive 

Workspaces,” Psychosociological Issues in Human Resource Management 10(2): 
71–86. doi: 10.22381/pihrm10220225. 

Dabija, D.-C., Csorba, L. M., Isac, F-L., and Rusu, S. (2022). “Building Trust toward 

Sharing Economy Platforms beyond the COVID-19 Pandemic,” Electronics 

11(18): 2916. doi: 10.3390/electronics11182916. 

Daneshfar, F., and Jamshidi, M. (B.) (2023). “An Octonion-based Nonlinear Echo 

State Network for Speech Emotion Recognition in Metaverse,” Neural Networks 

163: 108–121. doi: 10.1016/j.neunet.2023.03.026. 

Dincelli, E., and Yayla, A. (2022). “Immersive Virtual Reality in the Age of 

the Metaverse: A Hybrid-Narrative Review Based on the Technology Affordance 

Perspective,” The Journal of Strategic Information Systems 31(2): 101717. doi: 

10.1016/j.jsis.2022.101717. 

Ding, S., Kou, L., and Wu, T. (2022). “A GAN-Based Intrusion Detection Model for 
5G Enabled Future Metaverse,” Mobile Networks and Applications 27: 2596–

2610. doi: 10.1007/s11036-022-02075-6. 

Du, H., Wang, J., Niyato, D., Kang, J., Xiong, Z., Shen, X. S., et al. (2023). “Explor- 

ing Attention-Aware Network Resource Allocation for Customized Metaverse 

Services,” IEEE Network. doi: 10.1109/MNET.128.2200338. 

Hadi, R., Melumad, S., and Park, E. S. (2023). “The Metaverse: A New Digital 

Frontier for Consumer Behavior,” Journal of Consumer Psychology. doi: 10.1002/ 

jcpy.1356. 

He, L., Liu, K., He, Z., and Cao, L. (2023). “Three-Dimensional Holographic Com- 

munication System for the Metaverse,” Optics Communications 526: 128894. 

doi: 10.1016/j.optcom.2022.128894. 
 



 193 

Huang, Y., Li, Y. J., and Cai, Z. (2023). “Security and Privacy in Metaverse: A Com- 

prehensive Survey,” Big Data Mining and Analytics 6(2): 234–247. doi: 10.26599/ 

BDMA.2022.9020047. 

Huynh-The, T., Pham, Q.-V., Pham, X.-Q., Nguyen, T. T., Han, Z., and Kim, D.-S. 

(2023). “Artificial Intelligence for the Metaverse: A Survey,” Engineering 

Applications of Artificial Intelligence 117(A): 105581. doi: 10.1016/j.engappai. 

2022.105581. 

Kliestik, T., Valaskova, K., Lăzăroiu, G., Kovacova, M., and Vrbka, J. (2020). “Re- 
maining Financially Healthy and Competitive: The Role of Financial Predictors,” 

Journal of Competitiveness 12(1): 74–92. doi: 10.7441/joc.2020.01.05. 

Kozinets, R. V. (2023). “Immersive Netnography: A Novel Method for Service 

Experience Research in Virtual Reality, Augmented Reality and Metaverse  

Contexts,” Journal of Service Management 34(1): 100–125. doi: 10.1108/JOSM-

12-2021-0481. 

Lăzăroiu, G., Pera, A., Ștefănescu-Mihăilă, R. O., Mircică, N., and Neguriță, O. 

(2017). “Can Neuroscience Assist Us in Constructing Better Patterns of  

Economic Decision-Making?,” Frontiers in Behavioral Neuroscience 11: 188. 

doi: 10.3389/ fnbeh.2017.00188.  

Lăzăroiu, G., Androniceanu, A., Grecu, I., Grecu, G., and Neguriță, O. (2022a). 

“Artificial Intelligence-based Decision-Making Algorithms, Internet of Things 
Sensing Networks, and Sustainable Cyber-Physical Management Systems in Big 

Data-driven Cognitive Manufacturing,” Oeconomia Copernicana 13(4): 1045– 

1078. doi: 10.24136/oc.2022.030. 

Lăzăroiu, G., Andronie, M., Iatagan, M., Geamănu, M., Ștefănescu, R., and Dijmă- 

rescu, I. (2022b). “Deep Learning-Assisted Smart Process Planning, Robotic 

Wireless Sensor Networks, and Geospatial Big Data Management Algorithms in 

the Internet of Manufacturing Things,” ISPRS International Journal of  

GeoInformation 11(5): 277. doi: 10.3390/ijgi11050277. 

Lewkowich, D. (2022). “ASMR Literacies: Toward a Posthuman Structure of Feel- 

ing,” Knowledge Cultures 10(2): 123–144.  doi: 10.22381/kc10220226. 

Lv, Z., Xie, S., Li, Y., Hossain, M. S., and El Saddik, A. (2022). “Building the Meta- 
verse by Digital Twins at All Scales, State, Relation,” Virtual Reality & Intelligent 

Hardware 4(6): 459–470. doi: 10.1016/j.vrih.2022.06.005. 

Meng, Z., She, C., Zhao, G., and De Martini, D. (2023). “Sampling, Communication, 

and Prediction Co-Design for Synchronizing the Real-World Device and Digital 

Model in Metaverse,” IEEE Journal on Selected Areas in Communications 

41(1): 288–300. doi: 10.1109/JSAC.2022.3221993. 

Nica, E. (2018). “The Social Concretisation of Educational Postmodernism,”  

Educational Philosophy and Theory 50(14): 1659–1660. doi: 10.1080/0013 

1857.2018.1461364. 

Nica, E., Kliestik, T., Valaskova, K., and Sabie, O.-M. (2022). “The Economics of 

the Metaverse: Immersive Virtual Technologies, Consumer Digital Engagement, 
and Augmented Reality Shopping Experience,” Smart Governance 1(1): 21–34. 

doi: 10.22381/sg1120222. 

Nica, E., Popescu, G. H., Poliak, M., Kliestik, T., and Sabie, O.-M. (2023). “Digital 

Twin Simulation Tools, Spatial Cognition Algorithms, and Multi-Sensor Fusion 

Technology in Sustainable Urban Governance Networks,” Mathematics 11(9): 

1981. doi: 10.3390/math11091981. 

https://doi.org/10.22381/kc10220226


 194 

Njoku, J. N., Nwakanma, C. I., Amaizu, G. C., and Kim, D.-S. (2023) “Prospects and 

Challenges of Metaverse Application in Data-driven Intelligent Transportation 

Systems,” IET Intelligent Transport Systems 17(1): 1–21. doi: 10.1049/itr2.12252. 

Panagiotakopoulos, D., Marentakis, G., Metzitakos, R., Deliyannis, I., and Dedes, F. 

(2022). “Digital Scent Technology: Toward the Internet of Senses and the Meta- 

verse,” IT Professional 24(3): 52–59. doi: 10.1109/MITP.2022.3177292. 

Pelau, C., Dabija, D.-C., and Ene, I. (2021). “What Makes an AI Device Human-

Like? The Role of Interaction Quality, Empathy and Perceived Psychological 
Anthropomorphic Characteristics in the Acceptance of Artificial Intelligence in 

the Service Industry,” Computers in Human Behavior 122: 106855. doi: 10.1016/ 

j.chb.2021.106855. 

Pop, R.-A., Hlédik, E., and Dabija, D. C. (2023). “Predicting Consumers’ Purchase 

Intention through Fast Fashion Mobile Apps: The Mediating Role of Attitude 

and the Moderating Role of COVID-19,” Technological Forecasting and Social 

Change 186(A): 122111. doi: 10.1016/j.techfore.2022.122111. 

Popescu, G. H., Nica, E., Ciurlău, F. C., Comănescu, M., and Bițoiu, T. (2017a). 

“Stabilizing Valences of an Optimum Monetary Zone in a Resilient Economy – 

Approaches and Limitations,” Sustainability 9(6): 1051. doi: 10.3390/su9061051. 

Popescu, G. H., Sima, V., Nica, E., and Gheorghe, I. G. (2017b). “Measuring Sustain- 

able Competitiveness in Contemporary Economies – Insights from European 
Economy,” Sustainability 9(7): 1230. doi: 10.3390/su9071230. 

Popescu, G. H. (2018). “Has Postmodernism the Potential to Reshape Educational 

Research and Practice?,” Educational Philosophy and Theory 50(14): 1490–

1491. doi: 10.1080/00131857.2018.1461376. 

Queiroz, M. M., Fosso Wamba, S., Pereira, S. C. F., and Chiappetta Jabbour, C. J. 

(2023). “The Metaverse as a Breakthrough for Operations and Supply Chain 

Management: Implications and Call for Action,” International Journal of 

Operations & Production Management. doi: 10.1108/IJOPM-01-2023-0006. 

Ramadan, Z. (2023). “Marketing in the Metaverse Era: Toward an Integrative  

Channel Approach,” Virtual Reality. doi: 10.1007/s10055-023-00783-2. 

Rostami, S., and Maier, M. (2022). “The Metaverse and Beyond: Implementing 
Advanced Multiverse Realms with Smart Wearables,” IEEE Access 10: 110796–

110806. doi: 10.1109/ACCESS.2022.3215736. 

Shen, S. (2022). “Metaverse-driven New Energy of Chinese Traditional Culture 

Education: Edge Computing Method,” Evolutionary Intelligence. doi: 10.1007/ 

s12065-022-00757-4. 

Smart, P. (2022). “Minds in the Metaverse: Extended Cognition Meets Mixed  

Reality,” Philosophy & Technology 35: 87. doi: 10.1007/s13347-022-00580-w. 

Valaskova, K., Horak, J., and Lăzăroiu, G. (2022a). “Socially Responsible Technol- 

ogies in Autonomous Mobility Systems: Self-Driving Car Control Algorithms, 

Virtual Data Modeling Tools, and Cognitive Wireless Sensor Networks,” 

Contemporary Readings in Law and Social Justice 14(2): 172–188. doi: 
10.22381/CRLSJ142202210. 

Valaskova, K., Horak, J., and Bratu, S. (2022b). “Simulation Modeling and Image 

Recognition Tools, Spatial Computing Technology, and Behavioral Predictive 

Analytics in the Metaverse Economy,” Review of Contemporary Philosophy 21: 

239–255. doi: 10.22381/RCP21202215. 



 195 

Valaskova, K., Popp, J., and Balica, R.-Ș. (2022c). “Visual and Spatial Analytics, 

Immersive Virtual Simulation Technologies, and Motion Planning and Object  

Recognition Algorithms in the Retail Metaverse,” Economics, Management, and 

Financial Markets 17(3): 58–74. doi: 10.22381/emfm17320224. 

Vidal-Tomás, D. (2023). “The Illusion of the Metaverse and Meta-Economy,” 

International Review of Financial Analysis 86: 102560. doi: 10.1016/j.irfa.2023. 

102560. 

Xian, W., Yu, K., Han, F., Fang, L., He, D., and Han, Q.-L. (2023). “Advanced Man- 
ufacturing in Industry 5.0: A Survey of Key Enabling Technologies and Future 

Trends,” IEEE Transactions on Industrial Informatics. doi: 10.1109/TII.2023. 

3274224. 

Xu, Y., Liu, W., He, T., and Tsai, S.-B. (2023). “Buzzword or Fuzzword: An Event 

Study of the Metaverse in the Chinese Stock Market,” Internet Research. doi: 

10.1108/INTR-07-2022-0526. 

Yoo, K., Welden, R., Hewett, K., and Haenlein, M. (2023). “The Merchants of Meta: 

A Research Agenda to Understand the Future of Retailing in the Metaverse,” 

Journal of Retailing. doi: 10.1016/j.jretai.2023.02.002. 

Zarantonello, L. and Schmitt, B. H. (2023). “Experiential AR/VR: A Consumer and 

Service Framework and Research Agenda,” Journal of Service Management 

34(1): 34–55. doi: 10.1108/JOSM-12-2021-0479. 
Zhang, G., Cao, J., Liu, D., and Qi, J (2022). “Popularity of the Metaverse: Embodied 

Social Presence Theory Perspective,” Frontiers in Psychology 13: 997751. doi: 

10.3389/fpsyg.2022.997751. 

Zhang, H., Luo, G., Li, Y., and Wang, F.-Y. (2023). “Parallel Vision for Intelligent 

Transportation Systems in Metaverse: Challenges, Solutions, and Potential 

Applications,” IEEE Transactions on Systems, Man, and Cybernetics: Systems 

53(6): 3400–3413. doi: 10.1109/TSMC.2022.3228314. 

Zheng, G., and Yuan, L. (2023). “A Review of QoE Research Progress in Metaverse,” 

Displays 77: 102389. doi: 10.1016/j.displa.2023.102389. 

Zyda, M. (2022). “Building a Human-Intelligent Metaverse,” Computer 55(9): 120–

128. doi: 10.1109/MC.2022.3182035. 



 196 

 
 
 

Linguistic and Philosophical Investigations  
22, 2023, pp. 196–212, ISSN 1841-2394, eISSN 2471-0881                       

 
Immersive Engagement and Geospatial Mapping 
Technologies, Deep Learning and Neural Network 

Algorithms, and Visual Perception and Data Mining  
Tools in Metaverse Interactive and  

Extended Reality Environments 
 

Marian Grupac
1
, Stefan Machcinik

2
, and Andreea-Elena Negoianu

3 

 
ABSTRACT. The purpose of this study is to examine object recognition and geo- 

location data processing algorithms, visual and spatial intelligence tools, and meta- 

verse and immersive technologies. In this article, we cumulate previous research 
findings indicating that visual imagery and deep learning-based ambient sound 

processing tools, cloud computing and 3D immersive virtual reality technologies, and 

predictive modeling and machine vision algorithms assist immersive photorealistic 

virtual spaces. Throughout January 2023, we performed a quantitative literature 

review of the Web of Science, Scopus, and ProQuest databases, with search terms 

including “metaverse interactive and extended reality environments” + “immersive 

engagement and geospatial mapping technologies,” “deep learning and neural network 

algorithms,” and “visual perception and data mining tools.” As we inspected research 

published between 2022 and 2023, only 166 articles satisfied the eligibility criteria. 

By removing controversial findings, outcomes unsubstantiated by replication, too 

imprecise material, or having similar titles, we decided upon 31, generally empirical, 

sources. Data visualization tools: Dimensions (bibliometric mapping) and VOSviewer 
(layout algorithms). Reporting quality assessment tool: PRISMA. Methodological 

quality assessment tools include: AXIS, Dedoose, MMAT, and SRDR. 
 

Keywords: immersive engagement and geospatial mapping technologies; deep learning 

and neural network algorithms; visual perception and data mining tools; metaverse  
 

How to cite: Grupac, M., Machcinik, S., and Negoianu, A.-E. (2023). “Immersive Engagement 
and Geospatial Mapping Technologies, Deep Learning and Neural Network Algorithms, and 
Visual Perception and Data Mining Tools in Metaverse Interactive and Extended Reality En- 
vironments,” Linguistic and Philosophical Investigations 22: 196–212. doi: 10.22381/lpi22202312. 

 

Received 24 February 2023 • Received in revised form 23 May 2023 
Accepted 26 May 2023 • Available online 30 May 2023 
 

 

1Faculty of Humanities, Department of Mediamatics and Cultural Heritage, University of  
Zilina, Zilina, Slovak Republic, marian.grupac@fhv.uniza.sk. 
2Transport Research Institute, JSC, Zilina, Slovakia, machcinik@vud.sk 
3University of Craiova, Craiova, Romania, aanegoianu@gmail.com. (corresponding author) 



 197 

1. Introduction 
 

3D modeling and virtual navigation tools, haptic and biometric sensor tech- 

nologies, and visual tracking and natural language processing algorithms en- 
able ambient intelligence and 3D immersive environments. The purpose of our 

systematic review is to examine the recently published literature on metaverse 

interactive and extended reality environments and integrate the insights it 

configures on immersive engagement and geospatial mapping technologies, 
deep learning and neural network algorithms, and visual perception and data 

mining tools. By analyzing the most recent (2022–2023) and significant (Web 

of Science, Scopus, and ProQuest) sources, our paper has attempted to prove 
that visual imagery and deep learning-based ambient sound processing tools, 

cloud computing and 3D immersive virtual reality technologies (Andronie et 

al., 2023; Lăzăroiu et al., 2020; Pop et al., 2021), and predictive modeling 
and machine vision algorithms assist immersive photorealistic virtual spaces. 

The actuality and novelty of this study are articulated by addressing object 

recognition and geolocation data processing algorithms (Balcerzak et al., 

2022; Lăzăroiu et al., 2022; Popescu et al., 2017a), visual and spatial intelli- 
gence tools, and metaverse and immersive technologies, that is an emerging 

topic involving much interest. Our research problem is whether virtual twin 

modeling and intelligent data processing tools, emotion detection and recog- 
nition technologies, and deep learning-based predictive and virtual mapping 

algorithms (Dabija et al., 2023; Nagy and Lăzăroiu, 2022; Popescu et al., 

2017b) shape immersive 3D virtual environments.  
      In this review, prior findings have been cumulated indicating that syn- 

thetic user experiences can be achieved by use of haptic object recognition 

and cognitive computing systems, neuromorphic sensing and computing tech- 

nologies, and natural language processing and simulation modeling tools. 
The identified gaps advance virtual navigation and digital twin simulation 

tools, remote sensing and 3D object recognition technologies (Gordon, 2022; 

Nagy et al., 2023; Popescu, 2018; Vătămănescu et al., 2022), and deep learn- 
ing artificial intelligence and visual cognitive algorithms. Our main objective 

is to indicate that entertaining metaverse events, virtual modeling and envi- 

ronment perception technologies (Jaramillo-Aristizabal, 2022; Nica et al., 

2023; Popescu et al., 2022), and sensor data fusion configure 3D immersive 
environments.  

       
2. Theoretical Overview of the Main Concepts 
 

Multisensor fusion and mobile geofencing technologies, path planning and 

computer vision algorithms, and data mining and deep generative modeling 

techniques shape the metaverse interactive environment and synthetic reality 
spaces. The manuscript is organized as following: theoretical overview (sec- 
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tion 2), methodology (section 3), haptic object recognition and cognitive 

computing systems, 3D virtual space networking and geospatial mapping 
tools, and distributed decision and control algorithms on blockchain-based 

metaverse platforms (section 4), metaverse and immersive technologies, spa- 

tial data visualization and contextual awareness tools, and object recognition 
and geolocation data processing algorithms in ambient intelligence environ- 

ments (section 5), deep learning artificial intelligence and visual cognitive 

algorithms, multisensor fusion and mobile geofencing technologies, and decen- 

tralized data and user journey analytics in blockchain-based metaverse plat- 
forms and immersive 3D virtual environments (section 6), discussion (section 

7), synopsis of the main research outcomes (section 8), conclusions (section 

9), limitations, implications, and further directions of research (section 10). 

 
3. Methodology 
 

Throughout January 2023, we performed a quantitative literature review of 

the Web of Science, Scopus, and ProQuest databases, with search terms in- 
cluding “metaverse interactive and extended reality environments” + “immer- 

sive engagement and geospatial mapping technologies,” “deep learning and 

neural network algorithms,” and “visual perception and data mining tools.” 

As we inspected research published between 2022 and 2023, only 166 
articles satisfied the eligibility criteria. By removing controversial findings, 

outcomes unsubstantiated by replication, too imprecise material, or having 

similar titles, we decided upon 31, generally empirical, sources (Tables 1 
and 2). Data visualization tools: Dimensions (bibliometric mapping) and 

VOSviewer (layout algorithms). Reporting quality assessment tool: PRISMA. 

Methodological quality assessment tools include: AXIS, Dedoose, MMAT, 
and SRDR (Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

metaverse interactive and extended reality environments + 
immersive engagement and geospatial mapping 

technologies 

57 11 

metaverse interactive and extended reality environments + 

deep learning and neural network algorithms 

55 10 

metaverse interactive and extended reality environments + 

visual perception and data mining tools 

54 10 

Type of paper   

Original research 140 23 

Review 18 8 

Conference proceedings 7 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the authors. Some topics overlap. 
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Figure 3 Bibliographic coupling 

 
Figure 4 Co-citation 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Immersive metaverse experiences can be attained 

through artificial vision and automated speech 

recognition systems, wireless sensor networks, eye-

tracking and immersive technologies, and image 

processing and digital twin modeling tools. 

Li et al., 2023a; 

Wongkitrungrueng and 

Suprawan, 2023; Xu et  

al., 2023 

Distributed decision and control algorithms, automated 

speech recognition and deep learning artificial 

intelligence tools, and immersive 3D and edge 

computing technologies configure blockchain-based 

metaverse platforms and interactive digital worlds. 

Hollensen et al., 2023; 

Nagendran et al., 2022; 

Weking et al., 2023 

Hyper-realistic personalized interactive experiences can 
be achieved by use of cyber-physical cognitive and 

immersive visualization systems, simulation modeling 

and machine learning-based image recognition tools, 

and virtual twin and spatial computing technologies. 

Faraboschi et al., 2022; 
Kliestik et al., 2022; Tang  

et al., 2023; Venugopal et 

al., 2023 

3D metaverse experiences can be attained  

through extended cognitive and big data  

computing systems, digital twinning and  

haptic feedback technologies, and intelligent  

data processing and context awareness tools. 

Golf-Papez et al., 2022; 

Polas et al., 2022; Zhou  

et al., 2023 

Object recognition and geolocation data  

processing algorithms, visual and spatial  

intelligence tools, and metaverse and immersive 

technologies further immersive digital worlds. 

Han et al., 2022; Rowland 

and Newell, 2022; Zabel et 

al., 2023 

Immersive virtual experiences can be achieved by 
use of socially-extended cognition and real-time 

visual analytics systems, 3D modeling and 

immersive extended reality technologies, and digital 

twin simulation and computational intelligence tools. 

Du et al., 2023; Li et al., 
2023b; Queiroz et al., 

2023; Valaskova et al., 

2022 

3D metaverse experiences can be attained through 

cognitive artificial intelligence and geospatial 

mapping technologies, autonomous visual object 

detection and virtual mapping tools, and spatio-

temporal fusion and computer vision algorithms. 

McStay, 2023; Oh et al., 

2023; Shi et al., 2023; 

Zallio and Clarkson, 2022 

Virtual navigation and digital twin simulation  

tools, remote sensing and 3D object recognition 

technologies, and deep learning artificial intelligence 

and visual cognitive algorithms optimize blockchain-
based metaverse platforms and immersive 3D virtual 

environments. 

Aloqaily et al., 2022; 

Hennig-Thurau et al., 

2022; Zhu et al., 2023 

Immersive virtual experiences can be attained 

through remote sensing and artificial cognitive 

systems, immersive geospatial data visualization and 

dynamic routing technologies, and virtual navigation 

and decision support tools. 

Bojic, 2022; Kliestik et al., 

2023; Morley, 2022; 

Zainab et al., 2022 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 
spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 
Web of Science search 

(n = 109) 

 

Records identified through 
Scopus and ProQuest search 

(n = 166) 

Records after duplicates removed 

(n = 166) 

 

Records screened 
(n = 166) 

 

Full-text articles 

assessed for eligibility 
(n = 133) 

 

Studies included in 
qualitative synthesis 

(n = 31) 

 

Full-text articles 
excluded, with reasons 

(n = 102): 
 

Out of scope (n = 35), 
Insufficient detail (n = 34), 

Limited rigor (n = 33) 

 

Records excluded 
(n = 33) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  
Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
Distiller SR screened and extracted the collected data. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 
study designs. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
Dedoose analyzed qualitative and mixed methods research. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 
 

Figure 6 Screening and quality assessment tools 
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4. Haptic Object Recognition and Cognitive Computing Systems,  

    3D Virtual Space Networking and Geospatial Mapping Tools,  

    and Distributed Decision and Control Algorithms  

    on Blockchain-based Metaverse Platforms 
 

Immersive metaverse experiences (Li et al., 2023a; Wongkitrungrueng and 
Suprawan, 2023; Xu et al., 2023) can be attained through artificial vision and 

automated speech recognition systems, wireless sensor networks, eye-tracking 

and immersive technologies, and image processing and digital twin modeling 
tools. Synthetic user experiences can be achieved by use of haptic object recog- 

nition and cognitive computing systems, neuromorphic sensing and comput- 

ing technologies, and natural language processing and simulation modeling tools. 
Distributed decision and control algorithms, automated speech recognition 

and deep learning artificial intelligence tools, and immersive 3D and edge 

computing technologies (Hollensen et al., 2023; Nagendran et al., 2022; 

Weking et al., 2023) configure blockchain-based metaverse platforms and 
interactive digital worlds. 3D immersive spaces and experiences can be 

attained through automated perception and visual analytics systems, data 

sharing and deep learning-based sensing technologies, and virtual navigation 
and data mining tools. 

Hyper-realistic personalized interactive experiences (Faraboschi et al., 

2022; Kliestik et al., 2022; Tang et al., 2023; Venugopal et al., 2023) can be 
achieved by use of cyber-physical cognitive and immersive visualization sys- 

tems, simulation modeling and machine learning-based image recognition tools, 

and virtual twin and spatial computing technologies. Virtual reality-based im- 

mersive experiences can be achieved by use of neuromorphic image process- 
ing and empathetic computing systems, data fusion and digital twin technol- 

ogies, and 3D virtual space networking and geospatial mapping tools. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Immersive metaverse experiences can be attained 
through artificial vision and automated speech 

recognition systems, wireless sensor networks, eye-

tracking and immersive technologies, and image 

processing and digital twin modeling tools. 

Li et al., 2023a; 
Wongkitrungrueng and 

Suprawan, 2023; Xu et  

al., 2023 

Distributed decision and control algorithms, automated 

speech recognition and deep learning artificial 

intelligence tools, and immersive 3D and edge 

computing technologies configure blockchain-based 

metaverse platforms and interactive digital worlds. 

Hollensen et al., 2023; 

Nagendran et al., 2022; 

Weking et al., 2023 

Hyper-realistic personalized interactive experiences can 

be achieved by use of cyber-physical cognitive and 

immersive visualization systems, simulation modeling 

and machine learning-based image recognition tools, 

and virtual twin and spatial computing technologies. 

Faraboschi et al., 2022; 

Kliestik et al., 2022; Tang  

et al., 2023; Venugopal et 

al., 2023 
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5. Metaverse and Immersive Technologies, Spatial Data Visualization and 

    Contextual Awareness Tools, and Object Recognition and Geolocation  

    Data Processing Algorithms in Ambient Intelligence Environments 
 

3D metaverse experiences (Golf-Papez et al., 2022; Polas et al., 2022; Zhou 

et al., 2023) can be attained through extended cognitive and big data com- 
puting systems, digital twinning and haptic feedback technologies, and intel- 

ligent data processing and context awareness tools. Spatial data visualization 

and contextual awareness tools, sentiment recognition and digital twin tech- 
nologies, and cognitive artificial intelligence and deep learning algorithms 

articulate blockchain-based virtual worlds and immersive and interoperable 

spaces. 
Object recognition and geolocation data processing algorithms, visual 

and spatial intelligence tools, and metaverse and immersive technologies 

(Han et al., 2022; Rowland and Newell, 2022; Zabel et al., 2023) further 

immersive digital worlds. Visual imagery and deep learning-based ambient 
sound processing tools, cloud computing and 3D immersive virtual reality 

technologies, and predictive modeling and machine vision algorithms assist 

immersive photorealistic virtual spaces. 
Immersive virtual experiences (Du et al., 2023; Li et al., 2023b; Queiroz 

et al., 2023; Valaskova et al., 2022) can be achieved by use of socially-

extended cognition and real-time visual analytics systems, 3D modeling and 
immersive extended reality technologies, and digital twin simulation and 

computational intelligence tools. 3D modeling and virtual navigation tools, 

haptic and biometric sensor technologies, and visual tracking and natural 

language processing algorithms enable ambient intelligence and 3D immer- 
sive environments. Entertaining metaverse events, virtual modeling and 

environment perception technologies, and sensor data fusion configure 3D 

immersive environments. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

3D metaverse experiences can be attained  

through extended cognitive and big data  

computing systems, digital twinning and  

haptic feedback technologies, and intelligent  

data processing and context awareness tools. 

Golf-Papez et al., 2022; 

Polas et al., 2022; Zhou  

et al., 2023 

Object recognition and geolocation data  

processing algorithms, visual and spatial  

intelligence tools, and metaverse and immersive 

technologies further immersive digital worlds. 

Han et al., 2022; Rowland 

and Newell, 2022; Zabel et 

al., 2023 

Immersive virtual experiences can be achieved by 

use of socially-extended cognition and real-time 
visual analytics systems, 3D modeling and 

immersive extended reality technologies, and digital 

twin simulation and computational intelligence tools. 

Du et al., 2023; Li et al., 

2023b; Queiroz et al., 
2023; Valaskova et al., 

2022 
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6. Deep Learning Artificial Intelligence and Visual Cognitive Algorithms, 

    Multisensor Fusion and Mobile Geofencing Technologies, and 

    Decentralized Data and User Journey Analytics in Blockchain-based 

    Metaverse Platforms and Immersive 3D Virtual Environments 
 

3D metaverse experiences (McStay, 2023; Oh et al., 2023; Shi et al., 2023; 
Zallio and Clarkson, 2022) can be attained through cognitive artificial intel- 

ligence and geospatial mapping technologies, autonomous visual object de- 

tection and virtual mapping tools, and spatio-temporal fusion and computer 
vision algorithms. Virtual twin modeling and intelligent data processing tools, 

emotion detection and recognition technologies, and deep learning-based predic- 

tive and virtual mapping algorithms shape immersive 3D virtual environments. 
Virtual navigation and digital twin simulation tools, remote sensing and 

3D object recognition technologies, and deep learning artificial intelligence 

and visual cognitive algorithms (Aloqaily et al., 2022; Hennig-Thurau et al., 

2022; Zhu et al., 2023) optimize blockchain-based metaverse platforms and 
immersive 3D virtual environments. Multisensor fusion and mobile geo- 

fencing technologies, path planning and computer vision algorithms, and 

data mining and deep generative modeling techniques shape the metaverse 
interactive environment and synthetic reality spaces. 

Immersive virtual experiences (Bojic, 2022; Kliestik et al., 2023; Morley, 

2022; Zainab et al., 2022) can be attained through remote sensing and arti- 
ficial cognitive systems, immersive geospatial data visualization and dynamic 

routing technologies, and virtual navigation and decision support tools. Visual 

imagery and data modeling tools, computer vision and spatial data mining 

algorithms, and decentralized data and user journey analytics optimize the in- 
terconnected metaverse and immersive virtual environments. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

3D metaverse experiences can be attained through 

cognitive artificial intelligence and geospatial 

mapping technologies, autonomous visual object 

detection and virtual mapping tools, and spatio-

temporal fusion and computer vision algorithms. 

McStay, 2023; Oh et al., 

2023; Shi et al., 2023; 

Zallio and Clarkson, 2022 

Virtual navigation and digital twin simulation  

tools, remote sensing and 3D object recognition 

technologies, and deep learning artificial intelligence 

and visual cognitive algorithms optimize blockchain-

based metaverse platforms and immersive 3D virtual 

environments. 

Aloqaily et al., 2022; 

Hennig-Thurau et al., 

2022; Zhu et al., 2023 

Immersive virtual experiences can be attained 

through remote sensing and artificial cognitive 
systems, immersive geospatial data visualization and 

dynamic routing technologies, and virtual navigation 

and decision support tools. 

Bojic, 2022; Kliestik et al., 

2023; Morley, 2022; 
Zainab et al., 2022 
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7. Discussion 
 

We integrate our systematic review throughout research indicating how visual 

imagery and data modeling tools, computer vision and spatial data mining 

algorithms, and decentralized data and user journey analytics optimize 

the interconnected metaverse and immersive virtual environments. Our re- 
search complements recent analyses clarifying how 3D immersive spaces and 

experiences can be attained through automated perception and visual analytics 

systems, data sharing and deep learning-based sensing technologies, and vir- 
tual navigation and data mining tools. We elucidate, by cumulative evidence, 

previous research demonstrating how entertaining metaverse events, virtual 

modeling and environment perception technologies, and sensor data fusion 
configure 3D immersive environments. 

 
8. Synopsis of the Main Research Outcomes 
 

Spatial data visualization and contextual awareness tools, sentiment recog- 

nition and digital twin technologies, and cognitive artificial intelligence and 
deep learning algorithms articulate blockchain-based virtual worlds and im- 

mersive and interoperable spaces. Synthetic user experiences can be achieved 

by use of haptic object recognition and cognitive computing systems, neuro- 

morphic sensing and computing technologies, and natural language processing 
and simulation modeling tools. 

 
9. Conclusions 
 

Relevant research has investigated whether visual imagery and deep learning-

based ambient sound processing tools, cloud computing and 3D immersive 
virtual reality technologies, and predictive modeling and machine vision 

algorithms assist immersive photorealistic virtual spaces. This systematic 

literature review presents the published peer-reviewed sources covering how  
virtual twin modeling and intelligent data processing tools, emotion detection 

and recognition technologies, and deep learning-based predictive and virtual 

mapping algorithms shape immersive 3D virtual environments. The research 

outcomes drawn from the above analyses indicate that virtual reality-based 
immersive experiences can be achieved by use of neuromorphic image pro- 

cessing and empathetic computing systems, data fusion and digital twin 

technologies, and 3D virtual space networking and geospatial mapping tools. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 

indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on immersive engagement and geospatial mapping technologies, 
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deep learning and neural network algorithms, and visual perception and data 

mining tools in metaverse interactive and extended reality environments may 
have been excluded. Limitations of this research comprise particular kinds of 

publications (original empirical research and review articles) discounting others 

(conference proceedings articles, books, and editorial materials). The scope of 
our study also does not move forward the inspection of remote sensing and 

artificial cognitive systems, immersive geospatial data visualization and dy- 

namic routing technologies, and virtual navigation and decision support tools.  
      Subsequent analyses should develop on distributed decision and control 
algorithms, automated speech recognition and deep learning artificial intelli- 

gence tools, and immersive 3D and edge computing technologies. Future 

research should thus investigate cyber-physical cognitive and immersive 
visualization systems, simulation modeling and machine learning-based 

image recognition tools, and virtual twin and spatial computing technologies. 

Attention should be directed to extended cognitive and big data computing 

systems, digital twinning and haptic feedback technologies, and intelligent 
data processing and context awareness tools. 
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1. Introduction 
 

Deep learning-based ambient sound processing and big data management 

tools, immersive visualization systems, and picture-making neural networks 
configure extended reality environments. The purpose of my systematic 

review is to examine the recently published literature on the metaverse and 

integrate the insights it configures on visual perception and environment 

mapping algorithms, spatial computing and immersive 3D technologies, and 
movement and behavior tracking tools. By analyzing the most recent (2022–

2023) and significant (Web of Science, Scopus, and ProQuest) sources, my 

paper has attempted to prove that extended reality environments require geo- 
spatial analytics and image processing tools, blockchain token-based digital 

assets, and auditory and visual immersion systems. The actuality and novelty 

of this study are articulated by addressing metaverse assets and services, data 
visualization and virtual navigation tools (Andronie et al., 2021; Dabija et al., 

2018; Nica, 2017; Vinerean et al., 2022), and artificial intelligence-powered 

search capabilities, that is an emerging topic involving much interest. My 

research problem is whether computer vision and deep learning algorithms, 
digital twinning and remote sensing technologies, and machine learning-

based image recognition and decision support tools (Andronie et al., 2023; 

Gasparin and Schinckus, 2022; Poliak et al., 2022) optimize immersive hyper-
connected virtual spaces. 

      In this review, prior findings have been cumulated indicating that simula- 

tion modeling and natural language processing tools (Balcerzak et al., 2022; 
Kliestik et al., 2020; Popescu et al., 2017a), biometrics data fusion, and 

environment perception sensors are pivotal in decentralized 3D digital and 

immersive interconnected virtual worlds. The identified gaps advance auton- 

omous visual object detection and simulation modeling tools (Barbu et al., 
2021; Lăzăroiu et al., 2020; Popescu et al., 2017b), behavioral predictive and 

decentralized data analytics, and geospatial mapping and cognitive neuro-

engineering technologies. My main objective is to indicate that movement 
and behavior tracking tools, data sharing and image-based object recognition 

technologies (Blake, 2022; Nagy and Lăzăroiu, 2022; Popescu, 2018), and 

real-time visual analytics and immersive visualization systems are instru- 

mental in extended reality environments.  

 
2. Theoretical Overview of the Main Concepts 
 

Image processing and ambient scene detection tools, data mining techniques, 

and eye-tracking technologies assist augmented reality-powered immersive 

spaces and extended reality environments. User identification technology and 

location data, cloud computing machines, and machine vision and situational 
awareness algorithms enable immersive digital worlds. The manuscript is 
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organized as following: theoretical overview (section 2), methodology (section 

3), Internet of Things-based decision support and bio-inspired artificial 
vision systems, virtual simulation and predictive modeling algorithms, and 

digital twinning and remote sensing technologies on blockchain-based 

metaverse platforms (section 4), machine vision and situational awareness 
algorithms, deep learning-based ambient sound processing and big data 

management tools, and geospatial mapping and cognitive neuro-engineering 

technologies In the virtual environment of the metaverse (section 5), visual 

perception and 3D generative modeling tools, geospatial mapping and spatial 
computing technologies, and bio-sensing and actuation systems in the meta- 

verse interactive environment (section 6), discussion (section 7), synopsis of 

the main research outcomes (section 8), conclusions (section 9), limitations, 
implications, and further directions of research (section 10). 

 
3. Methodology 
 

Throughout December 2022, I performed a quantitative literature review of 

the Web of Science, Scopus, and ProQuest databases, with search terms  

including “the metaverse” + “visual perception and environment mapping 
algorithms,” “spatial computing and immersive 3D technologies,” and 

“movement and behavior tracking tools.” As I inspected research published 

between 2022 and 2023, only 176 articles satisfied the eligibility criteria. By 

eliminating controversial findings, outcomes unsubstantiated by replication, 
too imprecise material, or having similar titles, I decided upon 35, generally 

empirical, sources (Tables 1 and 2). Data visualization tools: Dimensions 

(bibliometric mapping) and VOSviewer (layout algorithms). Reporting quality 
assessment tool: PRISMA. Methodological quality assessment tools include: 

AXIS, Dedoose, ROBIS, and SRDR (Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

the metaverse + visual perception  

and environment mapping algorithms 

61 12 

the metaverse + spatial computing  

and immersive 3D technologies 

58 12 

the metaverse + movement and  

behavior tracking tools 

57 11 

Type of paper   

Original research 146 24 

Review 20 11 

Conference proceedings 9 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the author. Some topics overlap. 
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Figure 1 Co-authorship 

 

 
Figure 2 Citation 
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Figure 3 Bibliographic coupling 

 

 
Figure 4 Co-citation 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Ambient sound recognition software, digital twin 

simulation and predictive modeling tools, and spatial 

data mining and object recognition algorithms  assist 

blockchain-based metaverse platforms. 

Braud et al., 2022; Hadi et 

al., 2023; Ramadan, 2023; 

Zhao et al., 2022 

Visual immersion and tactile sensing  

technologies, edge intelligence and visual  

cognitive algorithms, and cognitive computing  

and Internet of Things-based sensing systems 

configure spatial virtual reality environments  

and Web3-powered metaverse worlds. 

Cheng et al., 2022; Huynh-

The et al., 2023a; Shi et 

al., 2023; Zhang et al., 

2022a 

Internet of Things-based decision support  
and bio-inspired artificial vision systems,  

machine perception and digital twin technologies, 

and mobile sensors and actuators are pivotal in 

extended reality environments. 

Ersoy and Gürfidan, 2023; 
Golf-Papez et al., 2022; 

Yoo et al., 2023; Zabel et 

al., 2023 

Deep learning and data processing algorithms, 

automated perception and remote sensing systems, 

and digital twin simulation and distributed 

intelligence tools shape the virtual environment  

of the metaverse. 

Giang Barrera and Shah, 

2023; Han et al., 2023; 

Zhang et al., 2022b 

Immersive interconnected virtual worlds integrate 

metaverse assets and services, data visualization and 

virtual navigation tools, and artificial intelligence-

powered search capabilities. 

Dwivedi et al., 2023; 

Hopkins, 2022; Mourtzis 

et al., 2022; Xian et al., 

2023 

Autonomous visual object detection and  
simulation modeling tools, behavioral predictive  

and decentralized data analytics, and geospatial 

mapping and cognitive neuro-engineering 

technologies articulate immersive 3D worlds. 

Cao, 2022; Dolata and 
Schwabe, 2023; He et al., 

2023; Newell, 2022 

The metaverse interactive environment and 

immersive digital worlds integrate geospatial 

mapping and spatial computing technologies,  

virtual machine interoperability, and 3D  

generative modeling and image processing tools. 

Gauttier et al., 2022;  

Kwok and Tang, 2023; 

Meng et al., 2023;  

Zhang et al., 2023 

Immersive digital worlds and extended reality 

environments require biometric self-authentication 

devices, metaverse engagement metrics, and 

behavior pattern clustering. 

Bordegoni and Ferrise, 

2023; Chen, 2022; Oláh 

and Nica, 2022; Zheng  

and Yuan, 2023 

Digital twin simulation and 3D modeling tools, 
computer vision and navigation systems, and 

multisensor fusion and deep learning-based sensing 

technologies enable immersive virtual environments 

and 3D interactive digital spaces. 

Huynh-The et al., 2023b; 
Mișa et al., 2022; Polas  

et al., 2022; Wang et al., 

2022 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 
spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 
Web of Science search 

(n = 114) 

 

Records identified through 
Scopus and ProQuest search 

(n = 176) 

Records after duplicates removed 

(n = 176) 

 

Records screened 
(n = 176) 

 

Full-text articles 

assessed for eligibility 
(n = 134) 

 

Studies included in 
qualitative synthesis 

(n = 35) 

 

Full-text articles 
excluded, with reasons 

(n = 99): 
 

Out of scope (n = 33), 
Insufficient detail (n = 32), 

Limited rigor (n = 34) 

 

Records excluded 
(n = 42) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  
Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
Distiller SR screened and extracted the collected data. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 
study designs. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 
Dedoose analyzed qualitative and mixed methods research. 

 

Figure 6 Screening and quality assessment tools 
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4. Internet of Things-based Decision Support and Bio-inspired  

    Artificial Vision Systems, Virtual Simulation and Predictive  

    Modeling Algorithms, and Digital Twinning and Remote  

    Sensing Technologies on Blockchain-based Metaverse Platforms 
 

Ambient sound recognition software, digital twin simulation and predictive 

modeling tools, and spatial data mining and object recognition algorithms  

(Braud et al., 2022; Hadi et al., 2023; Ramadan, 2023; Zhao et al., 2022) 
assist blockchain-based metaverse platforms. User behavior data mining, 3D 

modeling and digital twin technologies, and machine learning-based recog- 

nition and deep learning artificial intelligence algorithms further intercon- 
nected digital spaces. 

Visual immersion and tactile sensing technologies, edge intelligence and 

visual cognitive algorithms, and cognitive computing and Internet of Things-
based sensing systems (Cheng et al., 2022; Huynh-The et al., 2023a; Shi et 

al., 2023; Zhang et al., 2022a) configure spatial virtual reality environments 

and Web3-powered metaverse worlds. Computer vision and deep learning 

algorithms, digital twinning and remote sensing technologies, and machine 
learning-based image recognition and decision support tools optimize immer- 

sive hyper-connected virtual spaces. 

Internet of Things-based decision support and bio-inspired artificial vision 
systems, machine perception and digital twin technologies, and mobile sensors 

and actuators (Ersoy and Gürfidan, 2023; Golf-Papez et al., 2022; Yoo et al., 

2023; Zabel et al., 2023) are pivotal in extended reality environments.  
Immersive decentralized 3D digital worlds develop on machine learning-

based image recognition and spatial awareness tools, implantable intra-body 

sensors, and virtual simulation and predictive modeling algorithms. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Ambient sound recognition software, digital twin 

simulation and predictive modeling tools, and spatial 

data mining and object recognition algorithms  assist 

blockchain-based metaverse platforms. 

Braud et al., 2022; Hadi et 

al., 2023; Ramadan, 2023; 

Zhao et al., 2022 

Visual immersion and tactile sensing  

technologies, edge intelligence and visual  

cognitive algorithms, and cognitive computing  

and Internet of Things-based sensing systems 

configure spatial virtual reality environments  
and Web3-powered metaverse worlds. 

Cheng et al., 2022; Huynh-

The et al., 2023a; Shi et 

al., 2023; Zhang et al., 

2022a 

Internet of Things-based decision support  

and bio-inspired artificial vision systems,  

machine perception and digital twin technologies, 

and mobile sensors and actuators are pivotal in 

extended reality environments. 

Ersoy and Gürfidan, 2023; 

Golf-Papez et al., 2022; 

Yoo et al., 2023; Zabel et 

al., 2023 
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5. Machine Vision and Situational Awareness Algorithms,  

    Deep Learning-based Ambient Sound Processing and Big Data  

    Management Tools, and Geospatial Mapping and Cognitive Neuro- 

    Engineering Technologies in the Virtual Environment of the Metaverse 
 

Deep learning and data processing algorithms, automated perception and re- 

mote sensing systems, and digital twin simulation and distributed intelligence 

tools (Giang Barrera and Shah, 2023; Han et al., 2023; Zhang et al., 2022b) 
shape the virtual environment of the metaverse. User identification technology 

and location data, cloud computing machines, and machine vision and 

situational awareness algorithms enable immersive digital worlds. 
Immersive interconnected virtual worlds (Dwivedi et al., 2023; Hopkins, 

2022; Mourtzis et al., 2022; Xian et al., 2023) integrate metaverse assets and 

services, data visualization and virtual navigation tools, and artificial  
intelligence-powered search capabilities. Deep learning-based ambient sound 

processing and big data management tools, immersive visualization systems, 

and picture-making neural networks configure extended reality environments. 

Interconnected virtual worlds require 3D virtual space networking and geo- 
spatial analytics tools, deep learning-based ambient sound processing, and 

real-time Internet of Things data. 

Autonomous visual object detection and simulation modeling tools, be- 
havioral predictive and decentralized data analytics, and geospatial mapping 

and cognitive neuro-engineering technologies (Cao, 2022; Dolata and 

Schwabe, 2023; He et al., 2023; Newell, 2022) articulate immersive 3D 
worlds. Movement and behavior tracking tools, data sharing and image-

based object recognition technologies, and real-time visual analytics and 

immersive visualization systems are instrumental in extended reality environ- 

ments. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Deep learning and data processing algorithms, 

automated perception and remote sensing systems, 

and digital twin simulation and distributed 

intelligence tools shape the virtual environment  

of the metaverse. 

Giang Barrera and Shah, 

2023; Han et al., 2023; 

Zhang et al., 2022b 

Immersive interconnected virtual worlds integrate 
metaverse assets and services, data visualization and 

virtual navigation tools, and artificial intelligence-

powered search capabilities. 

Dwivedi et al., 2023; 
Hopkins, 2022; Mourtzis 

et al., 2022; Xian et al., 

2023 

Autonomous visual object detection and  

simulation modeling tools, behavioral predictive  

and decentralized data analytics, and geospatial 

mapping and cognitive neuro-engineering 

technologies articulate immersive 3D worlds. 

Cao, 2022; Dolata and 

Schwabe, 2023; He et al., 

2023; Newell, 2022 
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6. Visual Perception and 3D Generative Modeling Tools, Geospatial 

    Mapping and Spatial Computing Technologies, and Bio-Sensing  

    and Actuation Systems in the Metaverse Interactive Environment 
 

The metaverse interactive environment and immersive digital worlds (Gauttier 

et al., 2022; Kwok and Tang, 2023; Meng et al., 2023; Zhang et al., 2023) 

integrate geospatial mapping and spatial computing technologies, virtual 

machine interoperability, and 3D generative modeling and image processing 
tools. Interconnected virtual worlds necessitate visual perception and 3D 

generative modeling tools, bio-sensing and actuation systems, and behavioral 

predictive analytics. 
Immersive digital worlds and extended reality environments (Bordegoni 

and Ferrise, 2023; Chen, 2022; Oláh and Nica, 2022; Zheng and Yuan, 

2023) require biometric self-authentication devices, metaverse engagement 
metrics, and behavior pattern clustering. Extended reality environments 

require geospatial analytics and image processing tools, blockchain token-

based digital assets, and auditory and visual immersion systems. Simulation 

modeling and natural language processing tools, biometrics data fusion, and 
environment perception sensors are pivotal in decentralized 3D digital and 

immersive interconnected virtual worlds. 

Digital twin simulation and 3D modeling tools, computer vision a nd 
navigation systems, and multisensor fusion and deep learning-based sensing 

technologies (Huynh-The et al., 2023b; Mișa et al., 2022; Polas et al., 2022; 

Wang et al., 2022) enable immersive virtual environments and 3D inter- 
active digital spaces. Image processing and ambient scene detection tools, 

data mining techniques, and eye-tracking technologies assist augmented reality-

powered immersive spaces and extended reality environments. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

The metaverse interactive environment and 

immersive digital worlds integrate geospatial 

mapping and spatial computing technologies,  

virtual machine interoperability, and 3D  

generative modeling and image processing tools. 

Gauttier et al., 2022;  

Kwok and Tang, 2023; 

Meng et al., 2023;  

Zhang et al., 2023 

Immersive digital worlds and extended reality 

environments require biometric self-authentication 

devices, metaverse engagement metrics, and 

behavior pattern clustering. 

Bordegoni and Ferrise, 

2023; Chen, 2022; Oláh 

and Nica, 2022; Zheng  

and Yuan, 2023 

Digital twin simulation and 3D modeling tools, 
computer vision and navigation systems, and 

multisensor fusion and deep learning-based sensing 

technologies enable immersive virtual environments 

and 3D interactive digital spaces. 

Huynh-The et al., 2023b; 
Mișa et al., 2022; Polas  

et al., 2022; Wang et al., 

2022 
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7. Discussion 
 

I integrate my systematic review throughout research indicating how inter- 

connected virtual worlds necessitate visual perception and 3D generative 

modeling tools, bio-sensing and actuation systems, and behavioral predictive 

analytics. My research complements recent analyses clarifying how user be- 
havior data mining, 3D modeling and digital twin technologies, and machine 

learning-based recognition and deep learning artificial intelligence algorithms 

further interconnected digital spaces. I elucidate, by cumulative evidence, 
previous research demonstrating how movement and behavior tracking tools, 

data sharing and image-based object recognition technologies, and real-time 

visual analytics and immersive visualization systems are instrumental in  
extended reality environments. 

 
8. Synopsis of the Main Research Outcomes 
 

Immersive decentralized 3D digital worlds develop on machine learning-

based image recognition and spatial awareness tools, implantable intra-body 
sensors, and virtual simulation and predictive modeling algorithms. Computer 

vision and deep learning algorithms, digital twinning and remote sensing 

technologies, and machine learning-based image recognition and decision 

support tools optimize immersive hyper-connected virtual spaces. 

 
9. Conclusions 
 

Relevant research has investigated whether extended reality environments re- 

quire geospatial analytics and image processing tools, blockchain token-based 

digital assets, and auditory and visual immersion systems. This systematic 
literature review presents the published peer-reviewed sources covering how 

simulation modeling and natural language processing tools, biometrics data 

fusion, and environment perception sensors are pivotal in decentralized 3D 
digital and immersive interconnected virtual worlds. The research outcomes 

drawn from the above analyses indicate that interconnected virtual worlds re- 

quire 3D virtual space networking and geospatial analytics tools, deep learn- 

ing-based ambient sound processing, and real-time Internet of Things data. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 

indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on visual perception and environment mapping algorithms, spatial 
computing and immersive 3D technologies, and movement and behavior 

tracking tools in the metaverse may have been excluded. Limitations of this 

research comprise particular kinds of publications (original empirical research 
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and review articles) discounting others (conference proceedings articles, 

books, and editorial materials). The scope of my study also does not move 
forward the inspection of geospatial mapping and spatial computing tech- 

nologies, virtual machine interoperability, and 3D generative modeling and 

image processing tools.  
      Subsequent analyses should develop on visual immersion and tactile 

sensing technologies, edge intelligence and visual cognitive algorithms, and 

cognitive computing and Internet of Things-based sensing systems. Future 

research should thus investigate Internet of Things-based decision support 
and bio-inspired artificial vision systems, machine perception and digital twin 

technologies, and mobile sensors and actuators. Attention should be directed 

to digital twin simulation and 3D modeling tools, computer vision and 
navigation systems, and multisensor fusion and deep learning-based sensing 

technologies. 
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1. Introduction 
 

Generative artificial intelligence and immersive visualization systems, pre- 

dictive maintenance and geolocation data processing algorithms, and spatial 

computing and data sharing technologies articulate photorealistic 3D envi- 

ronments. The purpose of my systematic review is to examine the recently 

published literature on Web3-powered metaverse worlds and integrate the in- 

sights it configures on interactive 3D geo-visualization systems, deep learning-

based image classification algorithms, and virtual navigation and simulation 

modeling tools. By analyzing the most recent (2022–2023) and significant 

(Web of Science, Scopus, and ProQuest) sources, my paper has attempted to 

prove that photo-realistic simulation environments necessitate sensor and 

actuator devices, haptic object recognition and multi-sensor fusion systems, 

and cognitive modeling and digital twin technologies. The actuality and 

novelty of this study are articulated by addressing the virtual environment of 

the metaverse and the digital asset-based virtual economy, that is an emerging 

topic involving much interest. My research problem is whether signal pro- 

cessing and predictive geospatial modeling tools, ambient sound recognition 

software, and virtual navigation tools are instrumental in immersive 3D worlds.  

      In this review, prior findings have been cumulated indicating that 3D 

immersive spaces and experiences can be attained by use of movement and 

behavior tracking tools (Andronie et al., 2021a; Glogovețan et al., 2022; Pop 

et al., 2023), affective and perceptual technologies (Dabija et al., 2022; Nica, 

2017; Popescu, 2018; Valaskova et al., 2022), and context awareness and cog- 

nitive decision-making algorithms. The identified gaps advance situational 

awareness and object perception algorithms (Andronie et al., 2021b; Kliestik 

et al., 2022; Popescu et al., 2017a), text and data mining techniques, and big 

geospatial data and real-time event analytics. My main objective is to indicate 

that immersive virtual experiences can be achieved through autonomous 

cognitive and biometric authentication systems (Andronie et al., 2021c; 

Musova et al., 2021; Popescu et al., 2017b), movement and behavior track- 

ing tools (Gasparin and Schinckus, 2022; Nica, 2018; Popescu et al., 2022), 

and emotion detection and situational awareness algorithms.  

 
2. Theoretical Overview of the Main Concepts 
 

Digital twin simulation and virtual navigation tools, spatial computing and 

object tracking algorithms, and cognitive and behavioral technologies further 

extended reality environments. Geolocation data mining and tracking, pre- 

dictive maintenance and image detection algorithms, and image recognition 

and spatial computing technologies optimize the digital asset-based virtual 

economy. Context recognition and immersive decentralized networking tools, 

intelligent connectivity infrastructures, and synthetic biometric data enable 
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immersive 3D virtual environments. The manuscript is organized as following: 

theoretical overview (section 2), methodology (section 3), situational aware- 

ness and object perception algorithms, image recognition and spatial com- 

puting technologies, and geolocation data mining and tracking on blockchain-

based metaverse platforms (section 4), predictive maintenance and geolocation 

data processing algorithms, spatial computing and data sharing technologies, 

and immersive visualization and empathetic computing systems in metaverse 

interactive and photo-realistic simulation environments (section 5), metaverse 

assets and services, real-time visual analytics and artificial cognitive systems, 

and deep learning-based sensing and digital twinning technologies in immer- 

sive 3D virtual environments (section 6), discussion (section 7), synopsis of 

the main research outcomes (section 8), conclusions (section 9), limitations, 

implications, and further directions of research (section 10). 

 
3. Methodology 
 

Throughout January 2023, a quantitative literature review of the Web of 

Science, Scopus, and ProQuest databases was performed, with search terms 

including “Web3-powered metaverse worlds” + “interactive 3D geo-

visualization systems,” “deep learning-based image classification algorithms,” 

and “virtual navigation and simulation modeling tools.” As research 

published between 2022 and 2023 was inspected, only 169 articles satisfied 

the eligibility criteria. By taking out controversial or ambiguous findings 

(insufficient/irrelevant data), outcomes unsubstantiated by replication, too 

general material, or studies with nearly identical titles, I selected 35 mainly 

empirical sources (Tables 1 and 2). Data visualization tools: Dimensions 

(bibliometric mapping) and VOSviewer (layout algorithms). Reporting 

quality assessment tool: PRISMA. Methodological quality assessment tools 

include: AMSTAR, Dedoose, Distiller SR, and SRDR (Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

Web3-powered metaverse worlds +  

interactive 3D geo-visualization systems 

59 12 

Web3-powered metaverse worlds +  

deep learning-based image classification algorithms 

56 12 

Web3-powered metaverse worlds +  

virtual navigation and simulation modeling tools 

54 11 

Type of paper   

Original research 142 28 

Review 18 7 

Conference proceedings 8 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the author. Some topics overlap. 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Synthetic data and digital twin modeling  

tools, semantic network representations,  

and voice recognition software are pivotal  

in interoperable extended reality environments  

across the metaverse economy. 

Egliston and Carter,  

2022; Han et al., 2023a; 

Kozinets, 2023; Zainab et 

al., 2022 

Blockchain-based metaverse platforms and 

immersive digital worlds develop on situational 

awareness and object perception algorithms, text  

and data mining techniques, and big geospatial  

data and real-time event analytics. 

Park and Kim, 2023; Tang 

et al., 2023; Vidal-Tomás, 

2023; Zhang et al., 2023a 

Simulation modeling, intelligent data processing, 

contextual awareness, and visual imagery tools 

enable immersive interconnected virtual and 

decentralized 3D digital worlds. 

Balica et al., 2022; Du et 

al., 2023; Han et al., 2022; 

Oh et al., 2023 

Interactional and contextual data, 3D holographic 

avatars, and virtual twin technology are instrumental 

in metaverse interactive and photo-realistic 

simulation environments. 

Han et al., 2023b; Njoku  

et al., 2023; Perkins, 2022; 

Zhang et al., 2023b 

The virtual environment of the metaverse  

and the digital asset-based virtual economy 

necessitate data mining techniques, intelligent 

connectivity infrastructures, real-time predictive  

and big spatio-temporal data analytics, and cloud 

computing machines. 

Daneshfar and Jamshidi, 

2023; He et al., 2023; 

Queiroz et al., 2023;  

Zallio and Clarkson, 2022 

Environment perception sensors, immersive 

visualization and empathetic computing systems,  

and spatio-temporal modeling and mapping tools are 

instrumental in digitally-networked mediated spaces. 

Hennig-Thurau et al., 

2022; Vochozka et al., 

2022; Wongkitrungrueng 

and Suprawan, 2023 

The blockchain-based metaverse develop on virtual 

immersive and real-time 3D rendering technologies, 

environment perception sensors, behavioral 

simulation and data mining tools, and artificial 

intelligence-powered search capabilities. 

Bojic, 2022; McStay, 

2023; Rostami and Maier, 

2022; Wu et al., 2023 

Deep learning-based ambient sound processing, 

metaverse assets and services, text mining and 

analytics, and implantable intra-body sensors are 

instrumental in immersive 3D worlds and across 

digitally-networked mediated spaces. 

Ding et al., 2022; 

Nagendran et al., 2022;  

Shi et al., 2023; Zyda, 

2022 

Sensor fusion and 3D path planning algorithms, 

distributed autonomous control and artificial  

vision systems, and deep learning-based sensing  

and digital twinning technologies shape interactive 

digital worlds. 

Carey, 2022; Kwok and 

Tang, 2023; Lv et al., 

2022; Smart, 2022 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 

spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 

Web of Science search 

(n = 103) 

 

Records identified through 

Scopus and ProQuest search 

(n = 169) 

Records after duplicates removed 

(n = 169) 

 

Records screened 

(n = 169) 

 

Full-text articles 

assessed for eligibility 

(n = 132) 

 

Studies included in 

qualitative synthesis 

(n = 35) 

 

Full-text articles 

excluded, with reasons 

(n = 97): 

 

Out of scope (n = 32), 

Insufficient detail (n = 32), 

Limited rigor (n = 33) 

 

Records excluded 

(n = 37) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  

Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
Distiller SR screened and extracted the collected data. 

 
SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 

study designs. 

 
AMSTAR evaluated the methodological quality  

of systematic reviews. 

 
ROBIS assessed the risk of bias in systematic reviews. 

 
The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

 
AXIS evaluated the quality of cross-sectional studies. 

 
Dedoose analyzed qualitative and mixed methods research. 

 

Figure 6 Screening and quality assessment tools 
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4. Situational Awareness and Object Perception Algorithms, Image  

    Recognition and Spatial Computing Technologies, and Geolocation 

    Data Mining and Tracking on Blockchain-based Metaverse Platforms 
 

Synthetic data and digital twin modeling tools, semantic network represen- 

tations, and voice recognition software (Egliston and Carter, 2022; Han et 

al., 2023a; Kozinets, 2023; Zainab et al., 2022) are pivotal in interoperable 

extended reality environments across the metaverse economy. Geolocation 

data mining and tracking, predictive maintenance and image detection algo- 

rithms, and image recognition and spatial computing technologies optimize 

the digital asset-based virtual economy. 

Blockchain-based metaverse platforms and immersive digital worlds  

(Park and Kim, 2023; Tang et al., 2023; Vidal-Tomás, 2023; Zhang et al., 

2023a) develop on situational awareness and object perception algorithms, 

text and data mining techniques, and big geospatial data and real-time event 

analytics. Decentralized 3D virtual spaces develop on geospatial intelligence 

and digital twin simulation tools, 3D object recognition and performance 

capture technologies, and visual object tracking and motion planning algo- 

rithms. 

Simulation modeling, intelligent data processing, contextual awareness, 

and visual imagery tools (Balica et al., 2022; Du et al., 2023; Han et al., 

2022; Oh et al., 2023) enable immersive interconnected virtual and decen- 

tralized 3D digital worlds. Photo-realistic simulation environments necessitate 

sensor and actuator devices, haptic object recognition and multi -sensor 

fusion systems, and cognitive modeling and digital twin technologies. Signal 

processing and predictive geospatial modeling tools, ambient sound recog- 

nition software, and virtual navigation tools are instrumental in immersive 

3D worlds. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Synthetic data and digital twin modeling  

tools, semantic network representations,  

and voice recognition software are pivotal  

in interoperable extended reality environments  

across the metaverse economy. 

Egliston and Carter,  

2022; Han et al., 2023a; 

Kozinets, 2023; Zainab et 

al., 2022 

Blockchain-based metaverse platforms and 

immersive digital worlds develop on situational 

awareness and object perception algorithms, text  

and data mining techniques, and big geospatial  

data and real-time event analytics. 

Park and Kim, 2023; Tang 

et al., 2023; Vidal-Tomás, 

2023; Zhang et al., 2023a 

Simulation modeling, intelligent data processing, 

contextual awareness, and visual imagery tools 

enable immersive interconnected virtual and 

decentralized 3D digital worlds. 

Balica et al., 2022; Du et 

al., 2023; Han et al., 2022; 

Oh et al., 2023 
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5. Predictive Maintenance and Geolocation Data Processing Algorithms, 

    Spatial Computing and Data Sharing Technologies, and Immersive 

    Visualization and Empathetic Computing Systems in Metaverse 

    Interactive and Photo-Realistic Simulation Environments 
 

Interactional and contextual data, 3D holographic avatars, and virtual twin 

technology (Han et al., 2023b; Njoku et al., 2023; Perkins, 2022; Zhang et 

al., 2023b) are instrumental in metaverse interactive and photo-realistic 

simulation environments. Generative artificial intelligence and immersive 

visualization systems, predictive maintenance and geolocation data processing 

algorithms, and spatial computing and data sharing technologies articulate 

photorealistic 3D environments. Digital twin simulation and virtual navigation 

tools, spatial computing and object tracking algorithms, and cognitive and 

behavioral technologies further extended reality environments. 

The virtual environment of the metaverse and the digital asset -based 

virtual economy (Daneshfar and Jamshidi, 2023; He et al., 2023; Queiroz et 

al., 2023; Zallio and Clarkson, 2022) necessitate data mining techniques, 

intelligent connectivity infrastructures, real-time predictive and big spatio-

temporal data analytics, and cloud computing machines. Immersive virtual 

experiences can be achieved through autonomous cognitive and biometric 

authentication systems, movement and behavior tracking tools, and emotion 

detection and situational awareness algorithms.  

Environment perception sensors, immersive visualization and empathetic 

computing systems, and spatio-temporal modeling and mapping tools 

(Hennig-Thurau et al., 2022; Vochozka et al., 2022; Wongkitrungrueng and 

Suprawan, 2023) are instrumental in digitally-networked mediated spaces. 3D 

immersive spaces and experiences can be attained by use of movement and 

behavior tracking tools, affective and perceptual technologies, and context 

awareness and cognitive decision-making algorithms. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Interactional and contextual data, 3D holographic 

avatars, and virtual twin technology are instrumental 

in metaverse interactive and photo-realistic 

simulation environments. 

Han et al., 2023b; Njoku  

et al., 2023; Perkins, 2022; 

Zhang et al., 2023b 

The virtual environment of the metaverse  

and the digital asset-based virtual economy 

necessitate data mining techniques, intelligent 

connectivity infrastructures, real-time predictive  

and big spatio-temporal data analytics, and cloud 

computing machines. 

Daneshfar and Jamshidi, 

2023; He et al., 2023; 

Queiroz et al., 2023;  

Zallio and Clarkson, 2022 

Environment perception sensors, immersive 

visualization and empathetic computing systems,  

and spatio-temporal modeling and mapping tools are 

instrumental in digitally-networked mediated spaces. 

Hennig-Thurau et al., 

2022; Vochozka et al., 

2022; Wongkitrungrueng 

and Suprawan, 2023 
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6. Metaverse Assets and Services, Real-Time Visual Analytics and  

    Artificial Cognitive Systems, and Deep Learning-based Sensing and 

    Digital Twinning Technologies in Immersive 3D Virtual Environments 
 

The blockchain-based metaverse (Bojic, 2022; McStay, 2023; Rostami and 

Maier, 2022; Wu et al., 2023) develop on virtual immersive and real-time 3D 

rendering technologies, environment perception sensors, behavioral simulation 

and data mining tools, and artificial intelligence-powered search capabilities. 

Context recognition and immersive decentralized networking tools, intelligent 

connectivity infrastructures, and synthetic biometric data enable immersive 

3D virtual environments. Contextual awareness and spatial data visualization 

tools, immersive 3D and cognitive enhancement technologies, and biometric 

and behavioral data optimize extended reality environments and immersive 

virtual worlds. 

Deep learning-based ambient sound processing, metaverse assets and ser- 

vices, text mining and analytics, and implantable intra-body sensors (Ding et 

al., 2022; Nagendran et al., 2022; Shi et al., 2023; Zyda, 2022) are instru- 

mental in immersive 3D worlds and across digitally-networked mediated 

spaces. Spatio-temporal modeling and mapping tools, real-time visual 

analytics and artificial cognitive systems, and eye-tracking and immersive 

technologies further interactive digital worlds. 

Sensor fusion and 3D path planning algorithms, distributed autonomous 

control and artificial vision systems, and deep learning-based sensing and 

digital twinning technologies (Carey, 2022; Kwok and Tang, 2023; Lv et al., 

2022; Smart, 2022) shape interactive digital worlds. Data visualization and 

socially-oriented location tracking tools, deep learning-based generative and 

wireless sensor networks, and sensor data fusion shape blockchain-based 

virtual and digital hyper-realistic worlds. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

The blockchain-based metaverse develop on virtual 

immersive and real-time 3D rendering technologies, 

environment perception sensors, behavioral 

simulation and data mining tools, and artificial 

intelligence-powered search capabilities. 

Bojic, 2022; McStay, 

2023; Rostami and Maier, 

2022; Wu et al., 2023 

Deep learning-based ambient sound processing, 

metaverse assets and services, text mining and 

analytics, and implantable intra-body sensors are 

instrumental in immersive 3D worlds and across 

digitally-networked mediated spaces. 

Ding et al., 2022; 

Nagendran et al., 2022;  

Shi et al., 2023; Zyda, 

2022 

Sensor fusion and 3D path planning algorithms, 

distributed autonomous control and artificial  

vision systems, and deep learning-based sensing  

and digital twinning technologies shape interactive 

digital worlds. 

Carey, 2022; Kwok and 

Tang, 2023; Lv et al., 

2022; Smart, 2022 
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7. Discussion 
 

I integrate my systematic review throughout research indicating how 3D 

immersive spaces and experiences can be attained by use of movement and 

behavior tracking tools, affective and perceptual technologies, and context 

awareness and cognitive decision-making algorithms. My research comple- 

ments recent analyses clarifying how contextual awareness and spatial data 

visualization tools, immersive 3D and cognitive enhancement technologies, 

and biometric and behavioral data optimize extended reality environments 

and immersive virtual worlds. I elucidate, by cumulative evidence, previous 

research demonstrating how decentralized 3D virtual spaces develop on geo- 

spatial intelligence and digital twin simulation tools, 3D object recognition 

and performance capture technologies, and visual object tracking and motion 

planning algorithms. 

 
8. Synopsis of the Main Research Outcomes 
 

Data visualization and socially-oriented location tracking tools, deep learning-

based generative and wireless sensor networks, and sensor data fusion shape 

blockchain-based virtual and digital hyper-realistic worlds. Signal processing 

and predictive geospatial modeling tools, ambient sound recognition software, 

and virtual navigation tools are instrumental in immersive 3D worlds. 

 
9. Conclusions 
 

Relevant research has investigated whether spatio-temporal modeling and 

mapping tools, real-time visual analytics and artificial cognitive systems, and 

eye-tracking and immersive technologies further interactive digital worlds. 

This systematic literature review presents the published peer-reviewed sources 

covering how photo-realistic simulation environments necessitate sensor and 

actuator devices, haptic object recognition and multi-sensor fusion systems, 

and cognitive modeling and digital twin technologies. The research outcomes 

drawn from the above analyses indicate that immersive virtual experiences 

can be achieved through autonomous cognitive and biometric authentication 

systems, movement and behavior tracking tools, and emotion detection and 

situational awareness algorithms. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 

indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on interactive 3D geo-visualization systems, deep learning-based 

image classification algorithms, and virtual navigation and simulation model- 
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ing tools across Web3-powered metaverse worlds may have been excluded. 

Limitations of this research comprise particular kinds of publications (original 

empirical research and review articles) discounting others (conference pro- 

ceedings articles, books, and editorial materials). The scope of my study also 

does not move forward the inspection of blockchain-based metaverse plat- 

forms and immersive digital worlds.  

      Subsequent analyses should develop on synthetic data and digital twin 

modeling tools, semantic network representations, and voice recognition 

software. Future research should thus investigate environment perception 

sensors, immersive visualization and empathetic computing systems, and 

spatio-temporal modeling and mapping tools. Attention should be directed to 

immersive interconnected virtual and decentralized 3D digital worlds. 
 

 
Karen Griffin, https://orcid.org/0000-0002-9820-2705 
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1. Introduction

Big geospatial and Internet of Things sensor data analytics, virtual twin and 

cognitive enhancement technologies, and operational modeling and spatial 

data visualization tools assist interconnected digital realms. The purpose of 
our systematic review is to examine the recently published literature on 

the metaverse economy and integrate the insights it configures on deep 

learning-based object detection and holographic virtual imaging technologies, 
mobile biometric and sentiment data, and digital twin simulation and model- 

ing tools. By analyzing the most recent (2022–2023) and significant (Web of 

Science, Scopus, and ProQuest) sources, our paper has attempted to prove 

that immersive holographic virtual experiences can be achieved by use of 
cognitive enhancement and modeling technologies, biometric-based user recog- 

nition and hyper-real avatars, and photorealistic synthetic imagery. The ac- 

tuality and novelty of this study are articulated by addressing immersive 
decentralized networking and virtual navigation tools (Andronie et al., 2021a; 

Krizanova et al., 2019; Nica et al., 2023; Popescu et al., 2022), photorealistic 

synthetic images and data, and metaverse assets and services, that is an 
emerging topic involving much interest. Our research problem is whether 

visual imagery and ambient intelligence tools, data fusion and digital twin 

technologies, and real-time sensor and captured image data shape intercon- 

nected digital spaces.  
      In this review, prior findings have been cumulated indicating that cog- 

nitive computing and multimodal sensing systems, environment mapping 

and predictive modeling algorithms (Andronie et al., 2021b; Lăzăroiu et al., 
2017; Pop et al., 2021), and digital twin and tactile sensing technologies 

articulate extended reality environments. The identified gaps advance big data 

management and simulation modeling tools (Andronie et al., 2023; Naepi 
and Naepi, 2022; Popescu et al., 2017a), computer vision and remote sensing 

algorithms, and geospatial mapping and machine learning-based object 

recognition technologies. Our main objective is to indicate that immersive 

visual and mobile location analytics (Gasparin and Schinckus, 2022; Nica, 
2017; Popescu et al., 2017b; Vătămănescu et al., 2020), edge computing and 

cognitive enhancement technologies, and virtual navigation and image pro- 

cessing tools (Kliestik et al., 2022; Nica, 2018; Popescu, 2018; Vătămănescu 
et al., 2022) enable augmented reality-powered immersive spaces.  

2. Theoretical Overview of the Main Concepts

Digital twin and simulation technologies, cognitive computing and Internet of 

Things-based sensing systems, and machine learning-based image recognition 
and autonomous visual object detection tools configure realistic appearances 

of animated 3D reconstructions of individuals, objects, and spaces. The man- 

uscript is organized as following: theoretical overview (section 2), method- 
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ology (section 3), machine learning-based image recognition and autonomous 

visual object detection tools, human digital twin and geospatial big data  
visualization systems, and location intelligence and synthetic biometric data 

in a fully connected metaverse (section 4), digital twin simulation and visual 

imagery tools, spatial computing and 3D modeling technologies, and haptic 
object recognition and automated perception systems in the virtual environ- 

ment of the metaverse (section 5), cognitive computing and multimodal  

sensing systems, operational modeling and spatial data visualization tools, 

and geospatial mapping and machine learning-based object recognition 
technologies in the decentralized metaverse (section 6), discussion (section 

7), synopsis of the main research outcomes (section 8), conclusions (section 

9), limitations, implications, and further directions of research (section 10). 

 
3. Methodology 
 

Throughout December 2022, a quantitative literature review of the Web of 

Science, Scopus, and ProQuest databases was performed, with search terms 
including “the metaverse economy” + “deep learning-based object detection 

and holographic virtual imaging technologies,” “mobile biometric and sen- 

timent data,” and “digital twin simulation and modeling tools.” As research 

published between 2022 and 2023 was inspected, only 168 articles satisfied 
the eligibility criteria. By taking out controversial or ambiguous findings  

(insufficient/irrelevant data), outcomes unsubstantiated by replication, too 

general material, or studies with nearly identical titles, we selected 32 mainly 
empirical sources (Tables 1 and 2). Data visualization tools: Dimensions 

(bibliometric mapping) and VOSviewer (layout algorithms). Reporting 

quality assessment tool: PRISMA. Methodological quality assessment tools 
include: AMSTAR, Dedoose, Distiller SR, and SRDR (Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

the metaverse economy + deep learning-based object 

detection and holographic virtual imaging technologies 

58 12 

the metaverse economy +  
mobile biometric and sentiment data 

56 10 

the metaverse economy +  

digital twin simulation and modeling tools 

54 10 

Type of paper   

Original research 138 23 

Review 20 9 

Conference proceedings 9 0 

Book 0 0 

Editorial 1 0 

Source: Processed by the authors. Some topics overlap. 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Digital twinning and multisensor fusion 

technologies, synthetic biometric data, blockchain 

token-based digital assets, and text mining 

techniques configure a fully connected metaverse. 

Ahn et al., 2023; Hancock, 

2022; Shen, 2022; Zhao et 

al., 2022 

Sensory data mining and machine learning 

techniques, 3D virtual immersive technology,  

and location intelligence and synthetic biometric  

data optimize synthetic simulation environments  

and the decentralized metaverse. 

Hollensen et al., 2023; 

Meng et al., 2023;  

Zhang et al., 2022a 

Ambient intelligence and data mining tools, 

interconnected sensor and intelligent sensing 
networks, and 3D immersive content optimize 

extended reality environments. 

Cheng et al., 2022; 

Dwivedi et al., 2023; 
Zvarikova et al., 2022 

Synthetic data and ambient intelligence tools,  

virtual immersive and digital twin technologies,  

and artificial intelligence-powered search  

capabilities further immersive 3D worlds  

and the virtual environment of the metaverse. 

Dincelli and Yayla, 2022; 

Gauttier et al., 2022; Zhou 

et al., 2023 

The blockchain-based virtual economy and 

immersive 3D worlds develop on immersive 

decentralized networking and virtual navigation 

tools, photorealistic synthetic images and data,  

and metaverse assets and services. 

Dolata and Schwabe, 

2023; Morley, 2022;  

Van Huynh et al., 2022 

Multi-machine cooperation and digital twin 

simulation tools, routing and clustering algorithms, 
and image recognition and deep learning-based 

sensing technologies are pivotal in immersive  

virtual environments. 

Lv et al., 2022; Njoku et 

al., 2023; Xian et al., 2023; 
Zainab et al., 2022 

The decentralized metaverse necessitate  

contextual intelligence and digital twin  

simulation tools, user identification technology  

and location data, and interconnected sensor  

and deep convolutional neural networks. 

Cao, 2022; Hudson, 2022; 

Kozinets, 2023; Zhu et al., 

2023 

Photorealistic synthetic and immersive 3D virtual 

environments require interconnected sensor 

networks, behavior pattern clustering, and metaverse 

engagement metrics. 

Du et al., 2023; Huang et 

al., 2023; Kliestik et al., 

2023; Zhang et al., 2022b 

Big data management and simulation modeling tools, 

computer vision and remote sensing algorithms, and 
geospatial mapping and machine learning-based 

object recognition technologies are instrumental in 

extended reality environments. 

Aloqaily et al., 2022; 

McStay, 2022; Xu et al., 
2023; Zheng and Yuan, 

2023 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 
spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 
Web of Science search 

(n = 104) 

 

Records identified through 
Scopus and ProQuest search 

(n = 168) 

Records after duplicates removed 

(n = 168) 

 

Records screened 
(n = 168) 

 

Full-text articles 

assessed for eligibility 
(n = 131) 

 

Studies included in 
qualitative synthesis 

(n = 32) 

 

Full-text articles 
excluded, with reasons 

(n = 99): 
 

Out of scope (n = 32), 
Insufficient detail (n = 34), 

Limited rigor (n = 33) 

 

Records excluded 
(n = 37) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

Titles of papers and abstracts were screened for suitability 

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  
Data covering research aims, participants, study design,  

and method of each paper were extracted. 

The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 
study designs. 

Distiller SR screened and extracted the collected data. 

AMSTAR evaluated the methodological quality 

of systematic reviews. 

Dedoose analyzed qualitative and mixed methods research. 

ROBIS assessed the risk of bias in systematic reviews. 

AXIS evaluated the quality of cross-sectional studies. 

The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

Figure 6 Screening and quality assessment tools 
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4. Machine Learning-based Image Recognition and Autonomous Visual 

    Object Detection Tools, Human Digital Twin and Geospatial Big  

    Data Visualization Systems, and Location Intelligence and  

    Synthetic Biometric Data in a Fully Connected Metaverse 
 

Digital twinning and multisensor fusion technologies, synthetic biometric 

data, blockchain token-based digital assets, and text mining techniques (Ahn 

et al., 2023; Hancock, 2022; Shen, 2022; Zhao et al., 2022) configure a fully 
connected metaverse. Immersive holographic virtual experiences can be 

achieved by use of cognitive enhancement and modeling technologies,  

biometric-based user recognition and hyper-real avatars, and photorealistic 
synthetic imagery. 

Sensory data mining and machine learning techniques, 3D virtual im- 

mersive technology, and location intelligence and synthetic biometric data 
(Hollensen et al., 2023; Meng et al., 2023; Zhang et al., 2022a) optimize 

synthetic simulation environments and the decentralized metaverse. Digital 

twin and simulation technologies, cognitive computing and Internet of Things-

based sensing systems, and machine learning-based image recognition and 
autonomous visual object detection tools configure realistic appearances of 

animated 3D reconstructions of individuals, objects, and spaces. 

Ambient intelligence and data mining tools, interconnected sensor and 
intelligent sensing networks, and 3D immersive content (Cheng et al., 2022; 

Dwivedi et al., 2023; Zvarikova et al., 2022) optimize extended reality 

environments. Digital hyper-realistic worlds necessitate human digital twin 
and geospatial big data visualization systems, eye-tracking and distributed 

sensing technologies, and virtual twin modeling and real-time data tracking 

tools. Visual imagery and ambient intelligence tools, data fusion and digital 

twin technologies, and real-time sensor and captured image data shape inter- 
connected digital spaces. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 
              (research findings) 
 

Digital twinning and multisensor fusion 

technologies, synthetic biometric data, blockchain 
token-based digital assets, and text mining 

techniques configure a fully connected metaverse. 

Ahn et al., 2023; Hancock, 

2022; Shen, 2022; Zhao et 
al., 2022 

Sensory data mining and machine learning 

techniques, 3D virtual immersive technology,  

and location intelligence and synthetic biometric  

data optimize synthetic simulation environments  

and the decentralized metaverse. 

Hollensen et al., 2023; 

Meng et al., 2023;  

Zhang et al., 2022a 

Ambient intelligence and data mining tools, 

interconnected sensor and intelligent sensing 

networks, and 3D immersive content optimize 

extended reality environments. 

Cheng et al., 2022; 

Dwivedi et al., 2023; 

Zvarikova et al., 2022 
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5. Digital Twin Simulation and Visual Imagery Tools,  

    Spatial Computing and 3D Modeling Technologies,  

    and Haptic Object Recognition and Automated  

    Perception Systems in the Virtual Environment of the Metaverse 
 

Synthetic data and ambient intelligence tools, virtual immersive and digital 

twin technologies, and artificial intelligence-powered search capabilities 

(Dincelli and Yayla, 2022; Gauttier et al., 2022; Zhou et al., 2023) further 
immersive 3D worlds and the virtual environment of the metaverse. Digital 

twinning and data sharing technologies, digital twin simulation and visual 

imagery tools, and motion capture and cognitive computing systems are 
pivotal in a blockchain-based virtual world. 

The blockchain-based virtual economy and immersive 3D worlds (Dolata 

and Schwabe, 2023; Morley, 2022; Van Huynh et al., 2022) develop on im- 
mersive decentralized networking and virtual navigation tools, photorealistic 

synthetic images and data, and metaverse assets and services. Spatial com- 

puting and 3D modeling technologies, haptic object recognition and automated 

perception systems, and geospatial mapping and big data management tools 
are instrumental in immersive decentralized 3D digital worlds. 

Multi-machine cooperation and digital twin simulation tools, routing and 

clustering algorithms, and image recognition and deep learning-based sensing 
technologies (Lv et al., 2022; Njoku et al., 2023; Xian et al., 2023; Zainab et 

al., 2022) are pivotal in immersive virtual environments. Automated speech 

recognition and immersive visualization systems, geospatial mapping and 
immersive 3D technologies, and computer vision and remote sensing algo- 

rithms configure extended reality environments. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Synthetic data and ambient intelligence tools,  

virtual immersive and digital twin technologies,  

and artificial intelligence-powered search  

capabilities further immersive 3D worlds  

and the virtual environment of the metaverse. 

Dincelli and Yayla, 2022; 

Gauttier et al., 2022; Zhou 

et al., 2023 

The blockchain-based virtual economy and 

immersive 3D worlds develop on immersive 

decentralized networking and virtual navigation 

tools, photorealistic synthetic images and data,  

and metaverse assets and services. 

Dolata and Schwabe, 

2023; Morley, 2022;  

Van Huynh et al., 2022 

Multi-machine cooperation and digital twin 

simulation tools, routing and clustering algorithms, 

and image recognition and deep learning-based 

sensing technologies are pivotal in immersive  
virtual environments. 

Lv et al., 2022; Njoku et 

al., 2023; Xian et al., 2023; 

Zainab et al., 2022 
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6. Cognitive Computing and Multimodal Sensing Systems,  

    Operational Modeling and Spatial Data Visualization Tools,  

    and Geospatial Mapping and Machine Learning-based Object 

    Recognition Technologies in the Decentralized Metaverse 
 

The decentralized metaverse (Cao, 2022; Hudson, 2022; Kozinets, 2023; Zhu 
et al., 2023) necessitate contextual intelligence and digital twin simulation 

tools, user identification technology and location data, and interconnected 

sensor and deep convolutional neural networks. Cognitive computing and 
multimodal sensing systems, environment mapping and predictive modeling 

algorithms, and digital twin and tactile sensing technologies articulate  

extended reality environments. 
Photorealistic synthetic and immersive 3D virtual environments (Du et al., 

2023; Huang et al., 2023; Kliestik et al., 2023; Zhang et al., 2022b) require 

interconnected sensor networks, behavior pattern clustering, and metaverse 

engagement metrics. Big geospatial and Internet of Things sensor data ana- 
lytics, virtual twin and cognitive enhancement technologies, and operational 

modeling and spatial data visualization tools assist interconnected digital 

realms. Hyper-realistic immersive 3D simulations, environment perception 
sensors, and real-time sensor data assist photorealistic synthetic and mobile 

edge computing environments. 

Big data management and simulation modeling tools, computer vision 
and remote sensing algorithms, and geospatial mapping and machine learning-

based object recognition technologies (Aloqaily et al., 2022; McStay, 2022; 

Xu et al., 2023; Zheng and Yuan, 2023) are instrumental in extended reality 

environments. Immersive visual and mobile location analytics, edge com- 
puting and cognitive enhancement technologies, and virtual navigation and 

image processing tools enable augmented reality-powered immersive spaces. 

(Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

The decentralized metaverse necessitate  

contextual intelligence and digital twin  

simulation tools, user identification technology  

and location data, and interconnected sensor  

and deep convolutional neural networks. 

Cao, 2022; Hudson, 2022; 

Kozinets, 2023; Zhu et al., 

2023 

Photorealistic synthetic and immersive 3D virtual 

environments require interconnected sensor 

networks, behavior pattern clustering, and metaverse 

engagement metrics. 

Du et al., 2023; Huang et 

al., 2023; Kliestik et al., 

2023; Zhang et al., 2022b 

Big data management and simulation modeling tools, 

computer vision and remote sensing algorithms, and 
geospatial mapping and machine learning-based 

object recognition technologies are instrumental in 

extended reality environments. 

Aloqaily et al., 2022; 

McStay, 2022; Xu et al., 
2023; Zheng and Yuan, 

2023 
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7. Discussion 
 

We integrate our systematic review throughout research indicating how hyper-

realistic immersive 3D simulations, environment perception sensors, and real-
time sensor data assist photorealistic synthetic and mobile edge computing 

environments. Our research complements recent analyses clarifying how 

digital twinning and data sharing technologies, digital twin simulation and 

visual imagery tools, and motion capture and cognitive computing systems 
are pivotal in a blockchain-based virtual world. We elucidate, by cumulative 

evidence, previous research demonstrating how big geospatial and Internet 

of Things sensor data analytics, virtual twin and cognitive enhancement  
technologies, and operational modeling and spatial data visualization tools 

assist interconnected digital realms. 

 
8. Synopsis of the Main Research Outcomes 
 

Automated speech recognition and immersive visualization systems, geo- 

spatial mapping and immersive 3D technologies, and computer vision and 
remote sensing algorithms configure extended reality environments. Immer- 

sive holographic virtual experiences can be achieved by use of cognitive 

enhancement and modeling technologies, biometric-based user recognition 

and hyper-real avatars, and photorealistic synthetic imagery. 

 
9. Conclusions 
 

Relevant research has investigated whether immersive visual and mobile 
location analytics, edge computing and cognitive enhancement technologies, 

and virtual navigation and image processing tools enable augmented reality-

powered immersive spaces. This systematic literature review presents the pub- 
lished peer-reviewed sources covering how digital hyper-realistic worlds 

necessitate human digital twin and geospatial big data visualization systems, 

eye-tracking and distributed sensing technologies, and virtual twin modeling 
and real-time data tracking tools. The research outcomes drawn from the above 

analyses indicate that spatial computing and 3D modeling technologies,  

haptic object recognition and automated perception systems, and geospatial 

mapping and big data management tools are instrumental in immersive 
decentralized 3D digital worlds. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 

indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on deep learning-based object detection and holographic virtual 
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imaging technologies, mobile biometric and sentiment data, and digital twin 

simulation and modeling tools in the metaverse economy may have been ex- 
cluded. Limitations of this research comprise particular kinds of publications 

(original empirical research and review articles) discounting others (con- 

ference proceedings articles, books, and editorial materials). The scope of 
our study also does not move forward the inspection of sensory data mining 

and machine learning techniques, 3D virtual immersive technology, and 

location intelligence and synthetic biometric data.  

      Subsequent analyses should develop on contextual intelligence and digital 
twin simulation tools, user identification technology and location data, and 

interconnected sensor and deep convolutional neural networks. Future 

research should thus investigate multi-machine cooperation and digital twin 
simulation tools, routing and clustering algorithms, and image recognition 

and deep learning-based sensing technologies. Attention should be directed 

to photorealistic synthetic and immersive 3D virtual environments. 
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1. Introduction

Extended reality environments require image recognition and immersive 3D 

technologies, interconnected sensor networks, biometric and behavioral data, 
and voice recognition software. The purpose of my systematic review is to 

examine the recently published literature on immersive hyper-connected 

virtual spaces and integrate the insights it configures on digital twin and 

metaverse technologies, geospatial simulation and sensor fusion tools, and 
object perception and motion control algorithms. By analyzing the most 

recent (2022–2023) and significant (Web of Science, Scopus, and ProQuest) 

sources, my paper has attempted to prove that data mining and simulation 
modeling tools, multisensor fusion and spatial computing technologies, and 

user journey and real-time predictive analytics articulate immersive hyper-

connected virtual spaces. The actuality and novelty of this study are artic- 
ulated by addressing immersive metaverse and remote sensing technologies, 

spatial computing devices, and blockchain token-based digital assets, that is 

an emerging topic involving much interest. My research problem is whether 

the blockchain-based virtual economy integrates remote sensing and ontology-
based semantic technologies, visual analytics systems (Andronie et al., 2021; 

Kliestik et al., 2020; Nica, 2018; Popescu, 2018), geolocation data mining 

and tracking (Balcerzak et al., 2022; Kliestik et al., 2022; Nica et al., 2022), 
and 3D holographic avatars.  

     In this review, prior findings have been cumulated indicating that immer- 

sive 3D environments necessitate cognitive neuro-engineering and spatial 
computing technologies (Cegarra Navarro et al., 2023; Lăzăroiu et al., 2017; 

Nica et al., 2023), intelligent sensing and convolutional neural networks, voice 

recognition software, and haptic bodysuits. The identified gaps advance sen- 

sory data mining techniques (Dabija et al., 2018; Lăzăroiu, 2018; Popescu et 
al., 2017a), metaverse assets and services, and virtual twin and holographic 

imaging technology. My main objective is to indicate that 3D modeling and 

simulation technologies (Jaramillo-Aristizabal, 2022; Lăzăroiu et al., 2022; 
Popescu et al., 2017b; Vinerean et al., 2022), data mining and virtual nav- 

igation tools, and photorealistic synthetic imagery shape extended reality 

environments.  

2. Theoretical Overview of the Main Concepts

Real-time event analytics, blockchain token-based digital assets, and 3D im- 
mersive virtual reality and haptic feedback technologies enable immersive 

and interoperable spaces. Digital twin and cognitive enhancement technol- 

ogies, 3D immersive content, visual perception and operational modeling 

tools, and interactional and contextual data optimize extended reality envi- 
ronments. Performance capture and 3D virtual immersive technologies, ma- 
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chine learning algorithms, multi-sensory extended reality, and cloud com- 

puting machines are pivotal in immersive digital worlds. The manuscript is 
organized as following: theoretical overview (section 2), methodology (section 

3), multisensor fusion and spatial computing technologies, contextual data 

monitoring and 3D generative modeling tools, and machine learning-based 
sentiment and immersive visual analytics in the virtual economy of the meta- 

verse (section 4), metaverse engagement metrics, 3D modeling and simulation 

technologies, and data mining and virtual navigation tools in digitally-

networked mediated spaces (section 5), intelligent sensing and convolutional 
neural networks, metaverse assets and services, and cognitive neuro-

engineering and spatial computing technologies in immersive digital worlds 

(section 6), discussion (section 7), synopsis of the main research outcomes 
(section 8), conclusions (section 9), limitations, implications, and further  

directions of research (section 10). 

3. Methodology

I carried out a quantitative literature review of ProQuest, Scopus, and the Web 
of Science throughout January 2023, with search terms including “immersive 

hyper-connected virtual spaces” + “digital twin and metaverse technologies,” 

“geospatial simulation and sensor fusion tools,” and “object perception and 

motion control algorithms.” As I analyzed research published in 2022 and 
2023, only 178 papers met the eligibility criteria. By removing controversial 

or unclear findings (scanty/unimportant data), results unsupported by repli- 

cation, undetailed content, or papers having quite similar titles, I decided on 
32, chiefly empirical, sources (Tables 1 and 2). Data visualization tools: 

Dimensions (bibliometric mapping) and VOSviewer (layout algorithms). Re- 

porting quality assessment tool: PRISMA. Methodological quality assessment 
tools include: AMSTAR, Distiller SR, ROBIS, and SRDR (Figures 1–6). 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

immersive hyper-connected virtual spaces + 

digital twin and metaverse technologies 

61 12 

immersive hyper-connected virtual spaces +  

geospatial simulation and sensor fusion tools 

60 10 

immersive hyper-connected virtual spaces +  

object perception and motion control algorithms 

57 10 

Type of paper 

Original research 146 21 

Review 19 11 

Conference proceedings 11 0 

Book 0 0 

Editorial 2 0 

Source: Processed by the author. Some topics overlap. 
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Figure 1 Co-authorship 

Figure 2 Citation 
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Figure 3 Bibliographic coupling 

Figure 4 Co-citation 
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Table 2 General synopsis of evidence as regards focus topics 

 and descriptive outcomes (research findings). 

Deep learning-based generative and interconnected 

sensor networks, 3D immersive content, and virtual 

holographic objects configure photo-realistic 

simulation environments and the virtual economy  

of the metaverse. 

Ahn et al., 2023; Li et al., 

2023; McStay, 2023; Xu  

et al., 2023 

Decentralized 3D digital worlds and extended reality 

environments integrate immersive metaverse and 

remote sensing technologies, spatial computing 

devices, and blockchain token-based digital assets. 

Egliston and Carter, 2022; 

Park and Kim, 2023; 

Zhang et al., 2022 

Environment perception and implantable intra-body 

sensors, computer vision and data processing 
algorithms, and 3D modeling and image recognition 

technologies further synthetic reality spaces and 

immersive digital worlds. 

Ersoy and Gürfidan, 2023; 

Huynh-The et al., 2023a; 
Mourtzis et al., 2022 

Interconnected virtual worlds and synthetic digitally-

mediated environments develop on virtual twin and 

wearable scent technologies, 3D dynamic scene 

modeling and real-time data tracking tools, and 

metaverse engagement metrics. 

Du et al., 2023; Hennig-

Thurau et al., 2022; Oh et 

al., 2023; Wang et al., 

2022) 

3D immersive content, body-tracking data  

metrics, and cognitive enhancement and data  

sharing technologies assist blockchain-based 

metaverse platforms and the virtual environment 

of the metaverse. 

Bojic, 2022; Huynh-The et 

al., 2023b; Shi et al., 2023a 

Virtual machine interoperability, Internet of Things 
sensing infrastructures, and immersive visualization 

systems optimize digitally-networked mediated 

spaces. Interoperable extended reality environments 

require artificial vision systems, data processing 

algorithms, voice recognition software, and 3D 

immersive content. 

Daneshfar and Jamshidi, 
2023; Kral et al., 2022; 

Meng et al., 2023; Shi et 

al., 2023b 

Sensory data mining techniques, metaverse 

assets and services, and virtual twin and  

holographic imaging technology articulate 

immersive virtual environments. 

Chen, 2022; Musova  

et al., 2022; Venugopal 

et al., 2023; Wu et al., 

2023 

The virtual environment of the metaverse and 

immersive 3D worlds require data sharing and digital 

twin technologies, real-time sensor and captured 
image data, and computational intelligence tools. 

Bordegoni and Ferrise, 

2023; Nagendran et al., 

2022; Perkins, 2022;  
Zyda, 2022 

Immersive virtual worlds develop on  

geolocation data mining and tracking,  

photorealistic synthetic imagery, motion  

capture suits, and visual cognitive algorithms. 

Faraboschi et al., 2022; 

Popp and Cuțitoi, 2022; 

Vidal-Tomás, 2023 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 
spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 
Web of Science search 

(n = 104) 

 

Records identified through 
Scopus and ProQuest search 

(n = 178) 

Records after duplicates removed 

(n = 178) 

 

Records screened 
(n = 178) 

 

Full-text articles 

assessed for eligibility 
(n = 144) 

 

Studies included in 
qualitative synthesis 

(n = 32) 

 

Full-text articles 
excluded, with reasons 

(n = 112): 
 

Out of scope (n = 38), 
Insufficient detail (n = 37), 

Limited rigor (n = 37) 

 

Records excluded 
(n = 34) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

Titles of papers and abstracts were screened for suitability 

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  
Data covering research aims, participants, study design,  

and method of each paper were extracted. 

The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

Distiller SR screened and extracted the collected data. 

SRDR gathered, handled, and analyzed the data for  

the systematic review, being configured as an archive and tool 

harnessed in data extraction through transparent, efficient, and 

reliable quantitative techniques. Elaborate extraction forms 

can be set up, meeting the needs of research questions and 
study designs. 

AMSTAR evaluated the methodological quality 

of systematic reviews. 

Dedoose analyzed qualitative and mixed methods research. 

ROBIS assessed the risk of bias in systematic reviews. 

AXIS evaluated the quality of cross-sectional studies. 

The quality of academic articles was determined and risk of 

bias was measured by MMAT, that tested content validity and 

usability of selected studies in terms of screening questions, 

type of design, corresponding quality criteria, and overall 

quality score. 

Figure 6 Screening and quality assessment tools 
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4. Multisensor Fusion and Spatial Computing Technologies,

Contextual Data Monitoring and 3D Generative Modeling

Tools, and Machine Learning-based Sentiment and Immersive

Visual Analytics in the Virtual Economy of the Metaverse

Deep learning-based generative and interconnected sensor networks, 3D 

immersive content, and virtual holographic objects (Ahn et al., 2023; Li et al., 

2023; McStay, 2023; Xu et al., 2023) configure photo-realistic simulation 
environments and the virtual economy of the metaverse. Data mining and 

simulation modeling tools, multisensor fusion and spatial computing tech- 

nologies, and user journey and real-time predictive analytics articulate im- 
mersive hyper-connected virtual spaces. Real-time event analytics, block- 

chain token-based digital assets, and 3D immersive virtual reality and haptic 

feedback technologies enable immersive and interoperable spaces. 
Decentralized 3D digital worlds and extended reality environments  

(Egliston and Carter, 2022; Park and Kim, 2023; Zhang et al., 2022) inte- 

grate immersive metaverse and remote sensing technologies, spatial com- 

puting devices, and blockchain token-based digital assets. Blockchain and 
virtual twin technologies, contextual data monitoring and 3D generative 

modeling tools, smart sensor devices, and machine learning-based sentiment 

and immersive visual analytics assist intelligent simulation environments. 
Environment perception and implantable intra-body sensors, computer 

vision and data processing algorithms, and 3D modeling and image recog- 

nition technologies (Ersoy and Gürfidan, 2023; Huynh-The et al., 2023a; 
Mourtzis et al., 2022) further synthetic reality spaces and immersive digital 

worlds. Real-time predictive and big geospatial data analytics, context recog- 

nition and immersive decentralized networking tools, and eye-tracking and 3D 

vision technologies enable immersive interconnected virtual worlds. (Table 3) 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

 (research findings) 

Deep learning-based generative and interconnected 

sensor networks, 3D immersive content, and virtual 

holographic objects configure photo-realistic 

simulation environments and the virtual economy  

of the metaverse. 

Ahn et al., 2023; Li et al., 

2023; McStay, 2023; Xu  

et al., 2023 

Decentralized 3D digital worlds and extended reality 
environments integrate immersive metaverse and 

remote sensing technologies, spatial computing 

devices, and blockchain token-based digital assets. 

Egliston and Carter, 2022; 
Park and Kim, 2023; 

Zhang et al., 2022 

Environment perception and implantable intra-body 

sensors, computer vision and data processing 

algorithms, and 3D modeling and image recognition 

technologies further synthetic reality spaces and 

immersive digital worlds. 

Ersoy and Gürfidan, 2023; 

Huynh-The et al., 2023a; 

Mourtzis et al., 2022 
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5. Metaverse Engagement Metrics, 3D Modeling and

Simulation Technologies, and Data Mining and Virtual

Navigation Tools in Digitally-Networked Mediated Spaces

Interconnected virtual worlds and synthetic digitally-mediated environments 

(Du et al., 2023; Hennig-Thurau et al., 2022; Oh et al., 2023; Wang et al., 
2022) develop on virtual twin and wearable scent technologies, 3D dynamic 

scene modeling and real-time data tracking tools, and metaverse engagement 

metrics. 3D modeling and simulation technologies, data mining and virtual 
navigation tools, and photorealistic synthetic imagery shape extended reality 

environments. Digital twin and immersive 3D technologies, biometrics data 

fusion, mobile location analytics, and Internet of Things sensing infrastruc- 
tures are instrumental in digital hyper-realistic worlds. 

3D immersive content, body-tracking data metrics, and cognitive enhance- 

ment and data sharing technologies (Bojic, 2022; Huynh-The et al., 2023b; 

Shi et al., 2023a) assist blockchain-based metaverse platforms and the virtual 
environment of the metaverse. Digital twin and cognitive enhancement tech- 

nologies, 3D immersive content, visual perception and operational modeling 

tools, and interactional and contextual data optimize extended reality envi- 
ronments. 

Virtual machine interoperability, Internet of Things sensing infrastructures, 

and immersive visualization systems (Daneshfar and Jamshidi, 2023; Kral et 
al., 2022; Meng et al., 2023; Shi et al., 2023b) optimize digitally-networked 

mediated spaces. The blockchain-based virtual economy integrates remote 

sensing and ontology-based semantic technologies, visual analytics systems, 

geolocation data mining and tracking, and 3D holographic avatars. Interoper- 
able extended reality environments require artificial vision systems, data pro- 

cessing algorithms, voice recognition software, and 3D immersive content. 

(Table 4) 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

 (research findings) 

Interconnected virtual worlds and synthetic digitally-

mediated environments develop on virtual twin and 

wearable scent technologies, 3D dynamic scene 

modeling and real-time data tracking tools, and 

metaverse engagement metrics. 

Du et al., 2023; Hennig-

Thurau et al., 2022; Oh et 

al., 2023; Wang et al., 

2022) 

3D immersive content, body-tracking data  

metrics, and cognitive enhancement and data  

sharing technologies assist blockchain-based 

metaverse platforms and the virtual environment 

of the metaverse. 

Bojic, 2022; Huynh-The et 

al., 2023b; Shi et al., 2023a 

Virtual machine interoperability, Internet of Things 
sensing infrastructures, and immersive visualization 

systems optimize digitally-networked mediated 

spaces. 

Daneshfar and Jamshidi, 
2023; Kral et al., 2022; 

Meng et al., 2023; Shi et 

al., 2023b 
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6. Intelligent Sensing and Convolutional Neural Networks,

Metaverse Assets and Services, and Cognitive Neuro-Engineering

and Spatial Computing Technologies in Immersive Digital Worlds

Sensory data mining techniques, metaverse assets and services, and virtual 

twin and holographic imaging technology (Chen, 2022; Musova et al., 2022; 

Venugopal et al., 2023; Wu et al., 2023) articulate immersive virtual environ- 
ments. Extended reality environments require image recognition and immer- 

sive 3D technologies, interconnected sensor networks, biometric and behav- 

ioral data, and voice recognition software. Sensory data and text mining 
techniques, networked embedded sensing and spatial computing devices, and 

predictive modeling processes shape 3D computer‐generated virtual environ- 

ments. 

The virtual environment of the metaverse and immersive 3D worlds  
(Bordegoni and Ferrise, 2023; Nagendran et al., 2022; Perkins, 2022; Zyda, 

2022) require data sharing and digital twin technologies, real-time sensor and 

captured image data, and computational intelligence tools. Immersive 3D 
environments necessitate cognitive neuro-engineering and spatial computing 

technologies, intelligent sensing and convolutional neural networks, voice 

recognition software, and haptic bodysuits. Interoperable extended reality 
environments integrate immersive decentralized networking and simulation 

modeling tools, biometric and behavioral data, and convolutional neural and 

wireless sensor networks. 

Immersive virtual worlds (Faraboschi et al., 2022; Popp and Cuțitoi, 
2022; Vidal-Tomás, 2023) develop on geolocation data mining and tracking, 

photorealistic synthetic imagery, motion capture suits, and visual cognitive 

algorithms. Performance capture and 3D virtual immersive technologies,  
machine learning algorithms, multi-sensory extended reality, and cloud 

computing machines are pivotal in immersive digital worlds. Sensor data 

fusion, virtual holographic objects, and deep generative modeling techniques 

configure extended reality and ambient intelligence environments. (Table 5) 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

 (research findings) 

Sensory data mining techniques, metaverse 

assets and services, and virtual twin and  

holographic imaging technology articulate 

immersive virtual environments. 

Chen, 2022; Musova  

et al., 2022; Venugopal 

et al., 2023; Wu et al., 

2023 

The virtual environment of the metaverse and 

immersive 3D worlds require data sharing and digital 

twin technologies, real-time sensor and captured 

image data, and computational intelligence tools. 

Bordegoni and Ferrise, 

2023; Nagendran et al., 

2022; Perkins, 2022;  

Zyda, 2022 

Immersive virtual worlds develop on  
geolocation data mining and tracking,  

photorealistic synthetic imagery, motion  

capture suits, and visual cognitive algorithms. 

Faraboschi et al., 2022; 
Popp and Cuțitoi, 2022; 

Vidal-Tomás, 2023 
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7. Discussion

I integrate my systematic review throughout research indicating how digital 

twin and immersive 3D technologies, biometrics data fusion, mobile location 
analytics, and Internet of Things sensing infrastructures are instrumental in 

digital hyper-realistic worlds. My research complements recent analyses 

clarifying how data mining and simulation modeling tools, multisensor fusion 

and spatial computing technologies, and user journey and real-time predictive 
analytics articulate immersive hyper-connected virtual spaces. I elucidate, by 

cumulative evidence, previous research demonstrating how sensory data and 

text mining techniques, networked embedded sensing and spatial computing 
devices, and predictive modeling processes shape 3D computer‐generated 

virtual environments. 

8. Synopsis of the Main Research Outcomes

Blockchain and virtual twin technologies, contextual data monitoring and 3D 

generative modeling tools, smart sensor devices, and machine learning-based 
sentiment and immersive visual analytics assist intelligent simulation envi- 

ronments. Sensor data fusion, virtual holographic objects, and deep generative 

modeling techniques configure extended reality and ambient intelligence 

environments. 

9. Conclusions

Relevant research has investigated whether interoperable extended reality 
environments require artificial vision systems, data processing algorithms, 

voice recognition software, and 3D immersive content. This systematic liter- 

ature review presents the published peer-reviewed sources covering how 
interoperable extended reality environments integrate immersive decentralized 

networking and simulation modeling tools, biometric and behavioral data, and 

convolutional neural and wireless sensor networks. The research outcomes 
drawn from the above analyses indicate that real-time predictive and big 

geospatial data analytics, context recognition and immersive decentralized 

networking tools, and eye-tracking and 3D vision technologies enable immer- 

sive interconnected virtual worlds. 

10. Limitations, Implications, and Further Directions of Research

By analyzing only articles published between 2022 and 2023 in journals 
indexed in the Web of Science, Scopus, and ProQuest databases, relevant 

sources on digital twin and metaverse technologies, geospatial simulation and 

sensor fusion tools, and object perception and motion control algorithms in 
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immersive hyper-connected virtual spaces may have been excluded. Limi- 

tations of this research comprise particular kinds of publications (original 
empirical research and review articles) discounting others (conference pro- 

ceedings articles, books, and editorial materials). The scope of my study also 

does not move forward the inspection of decentralized 3D digital worlds and 
extended reality environments.  

     Subsequent analyses should develop on deep learning-based generative 

and interconnected sensor networks, 3D immersive content, and virtual  

holographic objects. Future research should thus investigate geolocation data 
mining and tracking, photorealistic synthetic imagery, motion capture suits, 

and visual cognitive algorithms. Attention should be directed to environment 

perception and implantable intra-body sensors, computer vision and data pro- 
cessing algorithms, and 3D modeling and image recognition technologies. 

Susan Wallace, https://orcid.org/0000-0002-7818-9531 
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