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DEVELOPING A ROADMAP FOR METAVERSE STANDARDIZATION:
ECONOMIC PRIORITIES AND EFFECTS

The article examines how to select economic priorities for metaverse standardization when virtual platforms
interact. The study aims to identify areas in which a verifiable link can be established between technical requirements
and participants’ costs, and to propose a procedure for assessing expected effects. The ITU standardization roadmap
and gap analysis, ISO/IEC and W3C documents, and scientific publications on the development of virtual services
were analyzed. The study used comparative document analysis and grouped requirements by their economic
mechanisms. Materials from research project AP23489090 provided the basis for the study.

Six areas of standardization were identified: platform interoperability, data exchange, digital identity, security,
digital content, and service accessibility. For each area, the subject of the requirements, the mechanism through which
costs may change, and the expected outcome of implementation were specified. The study distinguishes technical
testing, such as transferring a three-dimensional object between platforms, from economic assessment, which requires
accounting for configuration time and the costs of correcting errors. A four-stage roadmap was proposed: selecting
applicable documents, drafting requirements, conducting voluntary pilot tests, and preparing and revising
recommendations. An assessment framework was developed for three channels: integration costs, data transfer costs,
and costs related to access verification and security. The findings can be used to prepare draft requirements and test
protocols; quantitative assessment of the effects is planned for the pilot implementation stage.

Keywords: transaction costs, technological fragmentation, cross-platform portability, rights to virtual assets,
institutional coordination, switching costs, user trust.

Kinm ce30ep: mpan3akyusiiblk wbl2blHOAp, MEeXHOLOSUSIbIK, OOIueKmeny, niam@opmailap apacblHoazsl
MACIMATOAHBIMOBLIBIK, GUPMYANIObl AKMUBMEP2e KYKbIKIMAP, UHCIMUMYYUOHALObIK YIIeCMIPY, aybiCy UblebIHOADb,
nauoanraHyuvLIapObIy CeHiMi.

Kniouegvle cnosa: mpancakyuoHuvle uz0epicKil, MEXHOI0SUHECKas DpasMeHmayus, MexiCcniamgpopmennas
NePeHOCUMOCb, NPAsa HA GUPMYATIbHbIE AKMUBLL, UHCIMUMYYUOHAIbHASL KOOPOUHAYUSL, U30EPICKU NepeKTIOUeHUs.,
0ogepue nob308amenell.

Introduction. When connecting a single virtual service to two platforms, a developer may need to
configure object transfer and access verification twice, increasing the time and cost of integration. The gITF
2.0 format for three-dimensional objects is specified in ISO/IEC 12113:2022. W3C published a model for
verifiable digital credentials in 2025. These documents provide a technical basis for exchange but do not
establish the savings for a specific platform. The study therefore examines which requirements should be
tested first and how to compare configuration hours, data transfer costs, and losses from incidents before
and after their application.

The study aims to identify economic priorities for metaverse standardization and propose a procedure
for assessing expected effects when virtual platforms interact. Three tasks were set to achieve this aim:

- identify areas of standardization related to integration costs, data transfer, and security;

- compare international requirements with verifiable outcomes of their application;

- develop stages for a pilot assessment of technical and economic indicators.
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The study materials comprised ITU technical reports on the standardization roadmap and gaps,
ISO/IEC and W3C documents, and materials from research project AP23489090. Comparative document
analysis and the grouping of requirements by economic mechanism were used. To support reproducibility,
each area was matched with an aspect to be tested, pilot participants, and cost indicators before and after
the requirements are applied. The project’s expert interviews and questionnaires form the research basis of
the study. Statistical testing of the economic effects is planned after data from the pilot platforms become
available.

Literature review. Mordor Intelligence and Bloomberg Intelligence estimate the size of the metaverse
market, but differences in their methods limit the use of these forecasts to calculate the effects of
standardization [1, 2]. Kozinets R.V. studies user experience in virtual environments, while Kurmanov N.A.
et al. examine the technology’s economic potential in Kazakhstan [3, 4]. Alioth S. et al. investigate financial
applications. Kurmanov N.A. et al. describe prospects for the economy and society without measuring the
cost of interaction between platforms [5, 6]. Igbal M. et al. discuss financial use cases, while Kabdullina
G.K. et al. compare market forecasts and stages of metaverse development [7, 8]. Kurmanov N.A. et al.
proposed an institutional and economic model of standardization [9]. The International Energy Agency’s
energy scenario provides external context but does not assess platform costs [10]. ITU documents set out a
roadmap and identify gaps in standardization [11, 12]. Object formats, digital credentials, and accessibility
are addressed in ISO/IEC and W3C documents [13-15]. Meeting technical requirements, however, does not
yet demonstrate cost reductions. The order of implementation and the measurement of its effects remain
unresolved. Pilot tests should compare integration time, data transfer costs, and losses from incidents before
and after the requirements are applied.

The main part. The economic significance of standards depends on the costs incurred when virtual
platforms interact and digital services are used. The ITU FGMV-51 roadmap identifies interoperability,
data sharing, security, and accessibility as priority areas [11]. Table 1 presents six areas and their associated
economic mechanisms.

Table — 1

Areas of metaverse standardization and their economic significance*

Area Subject of standardization Economic mechanism | Expected outcome
Platform Common requirements for Lower integration Broader access to
interoperability interaction between virtual costs platforms for companies

environments

Data exchange and
transfer

Data transfer formats and rules

Lower platform
switching costs

Reduced dependence on
a single provider

Digital identity

Identity verification and access
management

Lower costs of
verifying users

More reliable interaction
between participants

Data protection and
security

Requirements for data processing
and transaction security

Lower likelihood of
losses and expenses

Greater user trust

Digital content and

Rules for recording, transferring,

Less uncertainty in

Increased exchange of

assets and verifying rights transactions digital products
Service accessibility | Requirements for the use of virtual A larger potential Broader user reach
services by different groups audience

*compiled according to sources [11, 12].

As shown in Table 1, platform interoperability primarily affects developers’ costs. Interfaces and data
exchange often have to be configured twice when one virtual service is deployed on two platforms.
Common requirements reduce repeated work and make it easier to enter an additional platform. Data
exchange has a different implication. Users can retain their profiles and created materials when changing
providers without entering the same information again. The ITU FGMV-52 report reviews existing
solutions and gaps in standardization. Integration costs and switching costs should therefore be assessed
separately [12].

A technical basis for transferring three-dimensional objects already exists. The gITF 2.0 format is
specified in the international standard ISO/IEC 12113:2022 [13]. A common format makes it easier to load
the same model into different environments. Transferring a file, however, does not confirm the buyer’s
right to continue using the object. Separate rules for recording and verifying rights are needed for
transactions involving digital assets. Digital identity addresses a related issue. The W3C Verifiable
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Credentials Data Model 2.0, adopted in 2025, specifies a model for exchanging verifiable digital credentials
[14]. Whether access verification costs decline depends on platforms adopting a common procedure for
processing these credentials.

Security requirements aim to reduce losses from data breaches, access errors, and disputed
transactions. Implementing safeguards also creates configuration and maintenance costs. The economic
effect is therefore assessed by comparing these costs with the losses avoided. Service accessibility affects
user reach. For example, WCAG 2.2 added nine accessibility criteria for digital interfaces [15]. Navigation
and forms of interaction in three-dimensional environments will also need to be tested for virtual services.
The outcomes presented in Table 1 describe expected mechanisms. Materials from research project
AP23489090 include 25 expert interviews and 257 questionnaires. The project does not contain a
comparison of platform costs before and after the application of standards; the magnitude of the economic
effect has not yet been measured.

These areas form the basis of the proposed metaverse standardization roadmap for Kazakhstan. Table
2 presents the sequence of activities, participants, and verifiable outcomes.

Table — 2

Proposed roadmap for metaverse standardization*

and security

Stage Main activities Participants Verifiable outcome Economic rationale
1. Preparation | Compare documents Researchers, List of applicable Concentrating
with the needs of standardization documents and issues resources on the
Kazakhstani platforms | bodies, developers, | requiring further work | most significant
and select priorities businesses tasks
2. Prepare draft Standardization Draft requirements and | Lower integration
Development requirements for bodies, developers, | test criteria and user verification
of interoperability, data data protection costs
requirements exchange, identity, experts

3. Pilot testing

Test the requirements
on voluntary pilot
platforms and refine
them based on the
results

Platform
developers, service
providers, users

Test reports and
revised requirements

Assessment of
implementation costs
and practical
interoperability

4. Application | Propose procedures Authorized Recommendations for | Conditions for
and review for applying and organizations, application and a set of | expanding services
regularly updating the | industry monitoring indicators and reducing
agreed requirements associations technological
fragmentation

*compiled by the authors.

As shown in Table 2, the roadmap comprises four main stages. During the first stage, researchers,
developers, and standardization bodies compare international documents with the needs of Kazakhstani
platforms. The outcome is a list of requirements suitable for application and issues requiring separate
development. The priorities of ITU FGMV-51 are considered when selecting requirements. The 2024 ITU
FGMV-51 roadmap assigns high priority to interoperability and data sharing [11]. At the second stage, draft
requirements and test criteria are prepared for the four areas listed in Table 2. The format of three-
dimensional objects is proposed to be aligned with ISO/IEC 12113:2022. The procedure for verifying
digital credentials is aligned with the 2025 W3C model [13, 14]. At the third stage, pilot platforms test the
transfer of one object between two environments, the retention of profile data, and the time needed to
connect a service. Configuration and error correction costs are recorded in working hours and tenge.

The pilot results inform recommendations on applying and revising the requirements. The economic
assessment compares connection time, data transfer costs, and the cost of incidents before and after testing.
Successful object transfer alone does not demonstrate savings. Table 2 sets out the sequence of testing,
while the project’s effects have yet to be calculated. Figure 1 presents the mechanism linking technical
outcomes to economic results.
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Figure — 1. Mechanism through which economic effects arise after the introduction of standards*
*compiled by the authors

Figure 1 links three groups of requirements to changes in platform operation, measurable costs, and
expected economic outcomes. The first channel tests the connection of one service to two platforms. Fewer
configuration hours and lower expenses in tenge indicate a reduction in integration costs. The compatible
format for three-dimensional objects specified in ISO/IEC 12113:2022 provides a specific object for testing
transfer between environments [13].

The second channel considers two transfer outcomes: whether a digital object opens successfully and
whether the required profile data are retained. Switching costs are calculated from the time spent on transfer,
reconfiguration, and recovery of lost data. Lower costs reduce users’ dependence on their previous
platform. The third channel compares the cost of verifying one user and the number of incidents before and
after identity and security requirements are applied. The economic outcome is determined by comparing
the cost of implementing safeguards with the value of losses prevented.

For all three channels, Figure 1 provides for a comparison of indicators before and after pilot
implementation. Quantitative assessment of savings and changes in the number of incidents is planned for
the pilot implementation stage.

Conclusion. The article proposes a four-stage roadmap for metaverse standardization. The stages
comprise the selection of requirements, development of drafts, pilot testing, and review based on the results
of application. Six areas of standardization are linked to specific economic mechanisms. Platform
interoperability is associated with the cost of connecting a service. Data transfer is associated with the cost
of changing providers. Identity and security are associated with access verification costs and losses from
incidents.

The novelty of the proposed approach lies in distinguishing a technical outcome from an economic
effect. Successful transfer of a three-dimensional object confirms format compatibility. A reduction in
costs, however, can be established only by comparing the time and cost of operations before and after the
requirements are applied. A three-channel assessment framework was developed for this purpose. Materials
from project AP23489090, including 25 expert interviews and 257 questionnaires, form the research basis
of the study but do not replace data on platforms’ actual costs.

The roadmap can be used to prepare draft requirements and organize voluntary tests involving
developers, service providers, and standardization bodies in Kazakhstan. Further research will measure
integration and data transfer costs, account for security expenditures, and assess losses from incidents on
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pilot platforms. These measurements will help refine priorities for implementing the requirements and test
the expected economic effects.

This research was funded by the Science Committee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan (Grant No. AP23489090, “Study of the Influence of Metaverses on the
Development of Economy and Society: Conceptual Foundations, Assessment of Effects, and Development
of Standards”).
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Kaoayaauna I'.K., PaxumbexoBa A.E., CatéaeBa A. K., ’Kanruposa P.H.

METABEPCTI CTAHIAPTTAYAbIH ’KOJI KAPTACBIH 93IPJIEY: 9dKOHOMMUMKAJIBIK
BACBIMIBIKTAP MEH 9CEPJIEP

AHgaTna

Makanaga BUpTyanabl IuardopMaiapiblH e3apa SpeKeTTecyl jkarmaiiblHIa METaBepCTi CTaHIapTTay.bIH
9KOHOMUKAIIBIK 0aCBIMIBIKTAPhIH TaH/Aay Moceleci KapacThIpbUIFaH. 3epTTey/IiH MaKcaThl - TEXHUKAJIBIK Tajanrap
MEH KaThICYIIBUIAPBIH IIBIFBIHAAPE] apachlHAAFbl TEKcepyre OOJIaTbIH OalyIaHBICTBI aHBIKTay MYMKIHAIri Oap
OarbITTapabl afKbIHIAY KOHE KYTUIETiH acepiepii Oaranay TopTiOiH ycbiHy. ITU yHBIMBIHBIH JKOJ KapTackl MEH
cTaHOapTTayAarsl onKeUIbIKTapFa moiysl, ISO/IEC xore W3C KyKaTTapbl, COHIaii-aK BUPTYyaJIbl KEI3METTEPIIH
JaMybl Typaibl FBUIBIMH >KapHsUIaHBIMAAp TaijanraH. KykaTTapasl caibICTBIpMaibl Tajlay JKOHE TalallTapibl
SKOHOMHKAJIBIK TETiKTep OOMBIHIIA TONTACTHIPY omicTepi KoimaHsUFaH. AP23489090 3eprrey x00achIHBIH
MaTepHaJIaphl )KYMBICTHIH 3epTTey HETi3iH KYpabl.

CrannmapTTayIblH alIThl OaFBITHl aHBIKTAJIFAH: TIATGOpMaIapAbIH YHICCIMIUIITI, IepeKTep anMacy, IHQPIbIK
Oipereiiik, Kayinci3mik, MUQPIBIK KOHTEHT KOHE KBI3METTEPIiH KOJDKETIMALIITL. Op OaFbIT OOUBIHIIA TaNANTapAbIH
HBICAHBI, MIBIFBIHAAPIBIH ©3repy TETIr XKOHE KOJJaHYAaH KYTUICTIH HOTIKE aliKpIHAAIFaH. Y1 ©JIIeMIi O0beKTIiHI
wiatdopmanap apaceiHia Oepy CHIKTHI TEXHUKAIBIK TEKCEPy MEH OamnTayFa )KyMCallFaH yaKbITThl )KOHE KaTenep.i
TY3€TY IIBIFBIHIAPBIH €CETKEe Ay bl KAXKET eTeTiH SKOHOMUKAIIBIK Oarajiay/IblH albIpMallblUIbIFbl KOpceTiireH. Tept
KE3€HHEH TYpaThIH )KOJI KapTachl YCHIHBUIFAH: KOJIaHyFa OOJIATBIH Ky)KaTTapAbl ipikTey, Tajmanrtap >kobaliapbiH
93ipJiey, epiKTi MWIOTTHIK ChIHAKTAp OTKI3y, YCHIHBIMIAP/bI AalbIHIAY XKOHE KaiiTa Kapay. Yl OarbiT OOWBIHIIIA
Oaranay cxemachl 93IpJICHIeH: UHTErpalis KYHBI, JEePEKTEpl KOIipy MIBIFbIHIAPHI, KOJDKETIMIUIIKTI TEKCepy MeH
KayilCi3miKKe KyMcalaThlH IUBIFBIHAAD. AJIBIHFAH HOTIDKEJEp Tananrtap jko0ajapbl MEH ChIHAK XaTTaMalapbliH
JaibIHaay 18 KOJIOaHBUTYbl MYMKIH; Scepiiepi CaHAbIK Oaranay MAIOTTHIK KOJIJaHy Ke3eHIHIe KO3AeNTeH.

Kab6aynnuna I' K., PaxumobexoBa A.E., CatéaeBa A.JK., Kanruposa P.H.

PA3PABOTKA JTOPOKHOM KAPTHI CTAHJIAPTU3AIIMA METABCEJIEHHOM:
SKOHOMMYECKHUE ITPUOPUTETHI U DOPEKTHI

AHHOTANNSA

B cTatbe paccMoTpeHa npobieMa BEIOOpa 3KOHOMHUYECKHUX IPUOPUTETOB CTAHJAPTU3AIMH METABCEIEHHOMN MPH
B3aUMO/ICHCTBUM BUPTyaJbHBIX uaTdopm. Llens mccienoBanus - ONpenenuTh HalpaBIeHUs, I KOTOPBIX MOKHO
YCTQHOBHUTH IPOBEPSEMYIO CBSI3b MEXIY TEXHHUECKHMMHU TPEOOBAHHMSAMH M 3aTpaTaMH YYaCTHUKOB, M NPEIJIOKHUTH
MOPSJIOK OLICHKH OKHIaeMbIX 3¢ ¢dexToB. [Ipoananu3upoBaHbl 10poXKHas KapTa 1 0030p IPOOETOB CTaHapTH3ALNH
ITU, noxymenTs! ISO/IEC u W3C, a Takke HaydHbBIC IyOJIUKAIIMA O Pa3BUTHH BUPTYAIbHBIX ycayT. Vcnonp30BaHbI
CPaBHHTENbHBIH aHAJIN3 JOKYMEHTOB M I'PYNIHPOBKA TPEOOBAHUH 1O SKOHOMHYECKHMM MEXaHH3MaM. MaTepuaisl
uccriempoBarenabckoro npoekra AP23489090 cocTaBriin UCCIIEAOBATEIBCKYO OCHOBY Pa0OTHI.

BrIsiBeHBI IIECTh HANpaBIECHUI CTaHIAPTHU3AIMH: COBMECTHMMOCTH IUTATGOPM, OOMEH AaHHBIMH, IU(PPOBAs
HICHTHYHOCTh, 0€301acHOCTh, IU(POBOM KOHTEHT M JOCTYIHOCTh cepBHCOB. OmpeaeneHsl npeaMeT TpeOOBaHHH,
MEXaHU3M U3MEHEHUS 3aTPaT U 0’KUIaeMBIH pe3yIbTaT IPUMEHEHHUS I KaKI0ro HanpasieHus. [lokazaHo pa3znudue
MEXIy TEXHHUECKOW IPOBEPKOH, HampuMmep Iepenadedl TpEXMEPHOro o0beKTa MeXAy IUaTGopMamMu, Hu
SKOHOMHYECKOU OIEHKOH, 1711 KOTOPOil HEOOXO0IUM yUET BPEMEHH HACTPOUKH M PACXOJIOB Ha YCTPaHEHHUE OIUOOK.
[pensnioxxeHa NOpoKHAas KapTa W3 YETHIPEX ITaroB: OTOOP NPUMEHHMBIX JOKYMEHTOB, pa3paboTKa MpPOEKTOB
TpeboBaHuii, T0OPOBOJILHBIE MIOTHBIE HCITBITAHNUS, TIOTOTOBKA M IIEPECMOTp pekoMmeHaanmii. Paspaborana cxema
OLIEHKHU 10 TPEM KaHallaM: CTOUMOCTb MHTETPALIUY, 3aTPaThl HA MEPEHOC AAHHBIX, PACXO/bl HA MIPOBEPKY AOCTyMA U
6e3omacHocTs. IlosydeHHBIE pe3ynbTAaTBl MOTYT HCIIONB30BAaThCS MPU IOATOTOBKE MPOEKTOB TPeOOBaHWI H
MPOTOKOJIOB UCTIBITAaHNH; KOJIMYECTBEHHAs OlleHKa 3(h(hEeKTOB NpeyCMOTPEHA Ha 3Tarle MIOTHOTO MPUMEHEHHS.
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