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Abstract

This study examines the role of digital standardization in developing functional interoper-
ability within the BRICS digital ecosystem. A mixed-methods design combines qualitative 
analysis of national standardization repositories with comparative statistical tests of the 
World Bank Digital Adoption Index and a Difference-in-Differences (DiD) model based 
on the United Nations E-Government Development Index, covering BRICS and selected 
European Union economies. The qualitative analysis identifies distinct national standard-
ization trajectories, ranging from international alignment to autonomous standard setting, 
and examines institutional, regulatory, and technological barriers to interoperability. The 
quantitative results are sectorally uneven: improvements in business and household digital 
adoption are consistent with broader catch-up processes, whereas a BRICS-specific advan-
tage is observed only in digital government, where the DiD estimates indicate an additional 
improvement following the intensification of BRICS digital cooperation in 2015. These 
estimates reflect an association rather than a definitive causal effect. The study conceptual-
izes digital standards as institutional mechanisms of functional interoperability that can 
facilitate cross-border digital coordination without complete regulatory harmonization, and 
suggests that BRICS cooperation may benefit most from interoperability-oriented measures 
that prioritize public-sector services.

Keywords: digital standardization; digital ecosystems; smart governance; interoperability; 
digital transformation; social informatics; BRICS

1.  Introduction
Digital transformation is increasingly taking place within complex digital ecosystems 

that connect governments, businesses, and citizens. These ecosystems rely on the continuous 
exchange of information across diverse technological environments, making interoperability 
a fundamental prerequisite for sustainable digital development. As artificial intelligence, 
cloud computing, digital identity systems, cross-border data exchange and platform-based 
services become deeply integrated into economic and social activities, ensuring compatibility 
among digital infrastructures has recently become a major challenge for technological 
development and institutional design [1–3].
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In this context, digital standards play a much broader role than merely providing 
technical specifications. They establish common rules that enable information systems 
and organizations to exchange data, coordinate processes, and deliver digital services. By 
reducing technical fragmentation, digital standardization forms the institutional foundation 
of modern digital ecosystems. It influences not only technological performance, but also 
the ability of organizations and governments to collaborate efficiently [4,5].

Recent research in social and business informatics increasingly emphasizes that inter-
operability is not only a technological property, but also an institutional one [6]. Successful 
digital ecosystems require governance mechanisms that can align technical protocols, regu-
latory principles, cybersecurity requirements, organizational practices, etc., across multiple 
stakeholders [7]. Digital standards act as institutional coordination mechanisms, enabling 
heterogeneous actors to exchange information while preserving the autonomy of individual 
organizations and jurisdictions.

BRICS (Brazil–Russia–India–China–South Africa) offers a particularly valuable empir-
ical setting for studying institutional interoperability under conditions of high regulatory 
heterogeneity and the absence of supranational authority. Its member countries have rapidly 
expanded their digital economies while maintaining highly diverse legal systems, regu-
latory traditions, technological capabilities, and approaches to digital sovereignty [8,9]. 
Unlike highly integrated regional organizations such as the European Union, BRICS has no 
supranational authority that can impose unified digital regulation. Instead, cooperation 
increasingly relies on the development of interoperable technical standards, compatible 
digital infrastructures and shared institutional mechanisms that enable cross-border digital 
interaction without requiring complete legal harmonization. Within the BRICS bloc, the 
process of standard harmonization officially began in 2015 when the Strategy for BRICS 
Economic Partnership adopted at the Ufa Summit formally recognized the need to address 
disparate technical regulations and standards to enhance trade [10,11]. The BRICS Working 
Group on ICT Cooperation was also created in 2015 to formalize the harmonization of 
technological protocols and digital standards across member states [12].

With the expansion of BRICS to BRICS+, which now includes Egypt, Ethiopia, Iran, the 
United Arab Emirates, and Indonesia, discussions on alternative payment and settlement 
arrangements, alongside growing ambitions for intra-group trade and digital cooperation, 
raise the importance of interoperable digital infrastructures. Yet differences in regulatory 
frameworks, administrative practices, and national approaches to digital governance may 
constrain cross-border integration. Understanding how digital standardization can support 
interoperability under these conditions is therefore relevant not only to academic research 
but also to policymakers designing cross-border cooperation mechanisms and businesses 
operating across BRICS markets.

Existing studies have primarily investigated digital transformation, e-government, 
interoperability, and standardization separately [13]. Qin et al. [14] examined digital de-
velopment and institutional factors in BRICS trade relations, but did not address digital 
standardization as a mechanism linking institutional coordination and interoperability. 
Oukes et al. [15] studied digital modernization in land administration, identifying the need 
for standards, but providing limited guidance on how standardization connects institutional 
levels and services. They also highlighted the risk that digitalization without interoper-
ability standards preserves organizational fragmentation. Similarly, Wahyuni et al. [16] 
examined institutional determinants of inter-agency data exchange, including leadership, 
organizational preparedness, and culture, but did not explain how technical standards in-
teract with these factors. Mutiarin et al. [17] analyzed interoperability through inter-agency 
coordination and local governance efficiency, but did not explicitly examine the role of 
technical standardization. Evidence from Indonesia’s Super Mantab application [18] further 
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shows that national e-government policies do not guarantee organizational interoperability: 
regulatory inconsistencies and bureaucratic rigidity remain barriers, while the broader 
mechanisms through which standardization addresses institutional fragmentation remain 
underexplored. Campmas [19] examined how National Interoperability Frameworks (NIFs) 
improve citizen-government interactions, but focused on external outcomes rather than the 
internal institutional mechanisms supporting coordination among public organizations.

Taken together, these studies indicate that interoperability requires both technical 
compatibility and institutional coordination, yet their interaction remains insufficiently 
understood. In particular, little is known about how digital standardization enables interop-
erability across heterogeneous regulatory and governance systems without supranational 
authority. This gap is especially relevant to BRICS, whose members pursue different ap-
proaches to digital governance and technological sovereignty.

This study aims to examine how digital standardization contributes to institutional 
interoperability within the BRICS digital ecosystem, and whether this emerging coordi-
nation mechanism is associated with measurable improvements in digital transformation. 
Based on Lundqvist [20], this study defines digital standardization as the process through 
which technical specifications, protocols, and institutional rules governing data exchange, 
system compatibility, and digital service delivery are developed, formalized, and adopted 
by public and private actors, either nationally or across jurisdictions. The paper identifies 
institutional, legal and technical barriers to interoperability, and analyses recent BRICS 
initiatives that support digital coordination. In addition, this study evaluates whether 
the evolution of common digital standards strengthens digital government and broader 
digital transformation.

The study adopts a mixed-methods design combining qualitative analysis of national 
standardization repositories with comparative statistical tests and a Difference-in-Differences 
model based on internationally comparable digital adoption and e-government indices.

The main novelty and contribution of this study lie in its being the first to examine the 
effectiveness of supranational efforts undertaken within BRICS to promote the convergence 
of digital standards and to assess their impact on the digital development of member states.

The rest of the paper is organized as follows. Section 2 develops the theoretical frame-
work by integrating institutional theory, digital governance, and interoperability perspec-
tives. Section 3 presents the research design, data sources, and empirical methods. Section 4 
reports the results of the qualitative and quantitative analyses of digital standardization 
and institutional interoperability in BRICS. Section 5 discusses the findings in the broader 
context of digital ecosystems and social informatics, and Section 6 concludes.

2.  Theoretical Framework
2.1.  Digital Ecosystems, Digital Governance, and Institutional Coordination

The understanding of digital transformation has improved considerably over the past 
two decades. While early studies primarily associated digitalization with the adoption 
of information and communication technologies (ICT), contemporary research more and 
more conceptualizes digital transformation as a complex institutional process that reshapes 
public administration, governance mechanisms, and interactions between governments, 
businesses, and citizens [21–24]. From this perspective, digital governance represents 
not only a mechanism for managing digital transformation but also an institutional layer 
through which interactions within digital ecosystems are coordinated.

Digital governance extends beyond simple implementation of digital technologies in 
public administration [25]. Instead, it encompasses the institutional arrangements, regu-
latory frameworks, organizational capabilities, and coordination mechanisms that enable 
governments to create, manage, and continuously improve digital public services [26,27]. 
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The transition from traditional e-government to digital government and, subsequently, to 
smart governance reflects this conceptual evolution, emphasizing collaboration, interoper-
ability, data-driven decision-making, and adaptive institutional capacity rather than techno-
logical modernization alone [28–31]. These developments indicate that the effectiveness 
of digital ecosystems depends on the capacity of institutions to coordinate heterogeneous 
technological and organizational actors.

Recent studies support this institutional interpretation of digital transformation [32–34]. 
Troshani et al. [32] show that harmonisation through different network configurations, in-
cluding public-private networks, inter-regulator networks, and regulator dyads, was crucial 
to the success of business-to-government reporting regardless of technological readiness. 
Dąbrowska et al. [33] identify technical infrastructure as a base layer and demonstrate that 
the quality of regulatory institutions at the geopolitical level influences whether digital trans-
formation creates value or causes harm. Dumo [34] similarly finds that digital infrastructure 
significantly improves exchange rate management efficiency only when institutional quality 
exceeds minimum thresholds.

Institutional quality affects governments’ ability to coordinate stakeholders, establish 
common rules for data exchange, ensure cybersecurity, and support innovation across 
sectors [35]. Accordingly, digital governance is increasingly understood as an institutional 
precondition for sustainable economic development and administrative modernization 
rather than solely as a technological initiative [36–39]. For interconnected digital ecosys-
tems, however, institutional coordination also requires mechanisms that allow otherwise 
heterogeneous systems and organizations to interact. Digital standardization provides one 
such mechanism.

Institutional theory helps explain why standards can perform this role. Following 
North [40], institutions are humanly devised formal and informal constraints that struc-
ture interaction, and their economic function is to reduce the costs of transacting; the 
distinction between formal and informal institutions is also central to recent work on firm 
behaviour [41]. New Institutional Economics decomposes these costs into ex ante costs 
of searching, specifying and negotiating exchange and ex post costs of monitoring and 
adapting it, which rise with bounded rationality and uncertainty [42,43].

A formal standard acts on these costs through three channels. First, it reduces informa-
tional uncertainty: common data definitions, formats and identity schemes allow an agency 
to anticipate what a counterpart system will send and how to interpret it, without bilateral 
verification. Second, it reduces coordination and negotiation costs: a published specification 
replaces repeated bilateral agreements on interfaces, so that connecting n systems requires n 
adoptions of one common reference rather than up to 𝑛 × 𝑛−1

2  bilateral arrangements. Third, 
it reduces monitoring and enforcement costs by providing a shared benchmark against 
which compliance can be assessed [44–46]. In public administration, where integrated 
services depend on repeated exchange among agencies with separate legacy systems [47], 
these channels act directly on the cost of inter-agency data exchange. Standards are therefore 
treated here as formal institutions in the sense that they are codified, published and subject 
to conformity assessment; in the BRICS context, however, they are typically voluntary or 
soft-law instruments rather than supranationally enforced rules [48,49].

Standards also operate through a second, distinct mechanism. Digital systems are 
network goods: the value of adopting a system rises with the number of compatible 
adopters [50]. Compatibility standardization therefore creates a coordination game with 
multiple equilibria: each actor prefers to adopt what others adopt, yet a group may settle 
on incompatible systems or remain locked into an installed base even when a superior 
alternative exists [51–53]. Because switching between incompatible systems requires sunk 
investments in data, software and skills, incompatibility is self-reinforcing. Where no central 
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authority can mandate a common solution, the problem becomes one of finding and sustain-
ing a focal point, which is the classic argument for international institutions as cost-reducing 
devices in the absence of hierarchy [54,55]. Two implications follow from this. First, the 
benefits of harmonization should accrue as the compatible network approaches critical 
mass, rather than in proportion to each additional standard. Second, full harmonization is 
not necessary: converters and gateway technologies can connect otherwise incompatible 
systems at a fraction of the cost of unification [56,57]. This provides the theoretical basis 
for the notion of functional interoperability without complete regulatory harmonization 
used in this study.

Digital standardization establishes common regulatory and technical conditions under 
which public institutions, private organizations, and digital platforms can interact [58]. 
Common standards facilitate information exchange, improve administrative coordination, 
strengthen cybersecurity requirements, and reduce duplication of technological solutions 
across public agencies [59]. These effects can enhance institutional capacity by improving 
governments’ ability to manage increasingly complex digital ecosystems [60]. Standards 
also perform a governance function by establishing shared expectations concerning data 
quality, system architecture, communication protocols, and security requirements [61].

Interoperability is central to this process. It refers to the capacity of independent 
information systems, organizations, and administrative bodies to exchange data and use 
shared information effectively [15,16,62]. As digital governance becomes more dependent 
on interactions across governmental agencies, jurisdictions, and technological platforms, 
interoperability has become an increasingly important condition for effective digital gov-
ernance [18,63]. It should therefore be understood as more than a technical property of 
information systems. Interoperability also depends on organizational coordination and 
institutional arrangements that enable different actors to operate within a common digi-
tal environment.

Digital standardization constitutes one of the principal mechanisms through which 
such interoperability can be achieved. Common technical and regulatory standards establish 
shared protocols for data exchange, cybersecurity, digital identity, cloud infrastructure, 
artificial intelligence, and platform integration [19,64]. Without harmonized standards, 
digital systems remain fragmented, limiting governments’ ability to deliver integrated 
services and coordinate digital policies [17]. At the same time, standardization does not 
necessarily require complete legal or institutional uniformity.

Nevertheless, much of the existing literature examines interoperability primarily from 
technological or engineering perspectives. Comparatively less attention has been devoted 
to the institutional mechanisms that facilitate standard harmonization across sovereign 
states, particularly within international partnerships that lack supranational regulatory 
authority. This limitation becomes especially relevant when analysing emerging economies 
characterized by substantial institutional diversity.

2.2.  BRICS as an Emerging Digital Ecosystem and a Laboratory for Institutional Interoperability
The rapid expansion of digital economies within BRICS has generated increasing 

scholarly interest in governance models supporting digital transformation. Existing research 
has primarily examined national digital strategies, digital infrastructure development, 
artificial intelligence policies, innovation ecosystems, and technological sovereignty within 
individual BRICS countries [65–67]. These studies demonstrate considerable progress in 
expanding digital capabilities while simultaneously highlighting substantial differences in 
institutional structures and regulatory approaches.

Another pool of literature focuses on policy coordination within BRICS, emphasizing 
cooperation in digital economy development, cybersecurity, cross-border digital trade, and 
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technological innovation [68–71]. Researchers acknowledge the growing importance of in-
stitutional collaboration for strengthening economic integration and reducing technological 
dependence on external standards.

From the perspective of digital ecosystems, these characteristics make BRICS a partic-
ularly valuable empirical setting for examining institutional interoperability. Its member 
states are simultaneously developing interconnected digital infrastructures and pursuing 
national approaches to regulation, technological development, and digital sovereignty [8,9]. 
Consequently, the BRICS digital ecosystem combines increasing requirements for cross-
border digital interaction with substantial institutional and regulatory heterogeneity.

Despite these advances, the BRICS literature leaves the standardization channel largely 
unexamined. Macro-level studies link digitalization to growth, trade and sustainability 
in BRICS or BRICS+ economies [8,9,13,14,66], but treat institutions as context rather than 
as a coordination mechanism. Policy-oriented work documents cooperation agendas and 
governance proposals [65–67,70] without assessing whether they are associated with con-
vergence in digital government performance. Studies of data sovereignty, data protection 
and AI regulation [72–74] stress regulatory divergence and thereby raise the question ad-
dressed here, namely how compatibility can be achieved without legal harmonization, but 
they do not analyze technical standards or national standards portfolios. The mechanisms 
through which BRICS actors pursue such compatibility, such as trusted data corridors or 
BRICS Pay, are described mainly in policy and grey literature [75–77]. Consequently, there 
is neither comparative evidence on how the five members build their digital-standards 
portfolios nor a test of whether BRICS-level coordination is associated with measurable 
gains in digital government.

This gap is particularly significant because BRICS differs fundamentally from highly 
institutionalized regional organizations. The absence of supranational regulatory authority 
requires member states to coordinate digital policies through consensus-based institu-
tional arrangements rather than centralized governance mechanisms, making standard 
harmonization considerably more complex. As harmonized digital standards, this study 
refers to standards that are functionally compatible across BRICS member states, whether 
through direct adoption of common international standards (e.g., ISO/IEC) or through 
interoperable but formally distinct national standards enabling cross-border technical and 
administrative compatibility.

To address this gap, this study assumes that harmonization of digital standards reduces 
uncertainty, facilitates coordination, and enables compatible interactions among public 
institutions and other digital ecosystem participants. Since the institutional effects of 
standardization are expected to be particularly relevant to public-sector digitalization, 
the empirical analysis distinguishes between government, business, and people dimensions 
of digital adoption and further evaluates changes in digital government.

The two mechanisms are complementary: the transaction-cost mechanism explains 
why a given standard lowers the cost of a given exchange, while the network-effects mecha-
nism explains why the value of harmonization depends on how many systems adopt it. Both 
predict the largest effects where outcomes depend on interaction among organizations with 
heterogeneous systems, that is, in digital government, where integrated service delivery 
requires cross-agency exchange. They predict weaker effects for business and household 
digital adoption, which is driven mainly by market incentives, income and infrastructure, 
and by largely individual adoption decisions. If standards reduce inter-organizational 
transaction costs and lock-in, the BRICS advantage should therefore be concentrated in the 
Government dimension of digital adoption.
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2.3.  The European Union’s Model: Regulatory Harmonization and Legal Interoperability
The EU combines a supranational legal order with binding regulation, so that interoper-

ability is pursued mainly through legal harmonization supported by standards, rather than 
through technical compatibility between formally distinct national systems. The European 
Interoperability Framework (EIF) conceptualizes interoperability across four layers, namely 
legal, organizational, semantic, and technical, supported by integrated governance and a 
set of general principles [78]. The Interoperable Europe Act (Regulation (EU) 2024/903) 
strengthens this largely recommendation-based framework by requiring interoperability 
assessments for new binding requirements affecting trans-European digital public services 
and by establishing a dedicated governance body, the Interoperable Europe Board [79].

The EU regulatory approach to cross-border data exchange rests on the General Data 
Protection Regulation (GDPR), which applies common rules for personal data within the 
Union and sets conditions for transfers to third countries through adequacy decisions, 
standard contractual clauses, and other safeguards [80]. The strictness of these conditions 
was confirmed by the Court of Justice of the European Union in the Schrems II judgment [81]. 
The GDPR is complemented by the Data Governance Act and the Data Act, which regulate 
data intermediation, data altruism, and access to and use of data [80,81], and by sector-
specific Common European Data Spaces [82]. Legal compatibility is therefore secured 
ex-ante through harmonized rules and formal transfer mechanisms. The EU framework is 
itself under revision: the Digital Omnibus proposals of November 2025 seek to simplify 
and consolidate parts of the data rulebook, including the GDPR and the Data Act, and were 
still going through the legislative process at the time of writing [83].

Digital identity illustrates how the EU combines legal and technical instruments. The 
European Digital Identity Framework (Regulation (EU) 2024/1183, amending the eIDAS 
Regulation) obliges Member States to offer European Digital Identity Wallets and to rec-
ognize each other’s electronic identification means, and it is accompanied by common 
technical specifications and an agreed architecture and reference framework [84].

Finally, standardization is embedded in EU governance [85,86]. Regulation (EU) No 
1025/2012 recognizes the European Committee for Standardization (CEN), the European 
Committee for Electrotechnical Standardization (CENELEC), and the European Telecom-
munications Standards Institute (ETSI) as European Standardization Organizations and 
allows the Commission to request harmonized standards in support of EU legislation. Eu-
ropean standardization is linked to the international system through formal cooperation 
agreements with ISO and IEC, such as the Vienna and Frankfurt Agreements, so that inter-
national standards can be adopted as European standards. This institutional link is the EU 
counterpart of the ISO/IEC alignment indicator used in this study for BRICS countries.

Therefore, the EU approach offers legal certainty and enforceability but entails substan-
tial coordination and compliance requirements, which the Commission’s own simplification 
agenda acknowledges [84].

The comparison between the BRICS and EU approaches highlights two distinct in-
stitutional pathways towards digital interoperability. While the EU relies primarily on 
supranational legal harmonization and binding regulatory frameworks, BRICS coopera-
tion develops through consensus-based coordination and the functional compatibility of 
national systems in the absence of supranational authority. These differences provide the 
institutional context for examining whether digital standardization and coordination within 
BRICS are associated with measurable improvements in digital government, particularly in 
comparison with more institutionally integrated economies.

Accordingly, the study tests the following hypotheses:
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H1a.  Harmonized digital standards and institutional coordination within BRICS are associated 
with faster improvements in digital government than in comparable non-BRICS economies.

H1b.  The intensification of the harmonization of digital standards within the BRICS under the 
Ufa Declaration is associated with further improvements in the development of digital government, 
compared to the selected EU economies.

3.  Materials and Methods
The study employs a mixed-methods research design integrating quantitative analy-

sis of digital transformation indicators with qualitative investigation of digital standards 
and institutional arrangements. The methodological framework combines Difference-in-
Differences (DiD) estimation, comparative statistical analysis, qualitative content analysis, 
and comparative institutional analysis. Figure 1 provides a schematic overview of the re-
search design, linking the data sources, analytical methods, hypotheses, and the subsequent 
interpretation of the findings.

Figure 1. Overview of the mixed-methods research design linking data sources, analytical methods, 
hypotheses, and results. Source: authors’ elaboration.

The quantitative component evaluates whether the development and harmonization 
of digital standards are associated with measurable improvements in digital government 
and broader digital transformation. The qualitative component examines the evolution 
of digital standards across BRICS countries and identifies the institutional, regulatory, 
and technological mechanisms and barriers that shape interoperability. Combining these 
approaches makes it possible to examine both the measurable outcomes associated with 
digital standardization and the institutional mechanisms underlying these outcomes.

Two empirical strategies are used to test the hypotheses developed in Section 2 (Figure 1).
H1a is examined through comparative t-tests of the World Bank Digital Adoption Index 

(DAI) and its Government, Business, and People dimensions across BRICS, the selected 
EU economies, and BRICS+ countries (https://www.worldbank.org/en/publication/wdr2
016/Digital-Adoption-Index, accessed on 5 June 2026) before and after 2015 (creation of 
BRICS Working Group on ICT Cooperation under the Ufa Declaration).

H1b is tested using a Difference-in-Differences model based on the United Nations 
E-Government Development Index (EGDI), which evaluates changes in digital govern-
ment development before and after the intensification of coordinated BRICS digital stan-
dardization initiatives in 2015 (https://publicadministration.un.org/egovkb/en-us/About/
Overview/-e-Government-Development-Index, accessed on 5 June 2026).
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3.1.  Data Sources and Search Strategy
The primary outcome variable for the DiD analysis is the United Nations E-Government 

Development Index (EGDI), a composite measure of digital government development 
encompassing online public services, telecommunication infrastructure, and human capital. 
EGDI is used as the principal indicator for assessing changes in digital government because 
it captures the institutional and service-delivery dimensions of digital transformation.

A balanced panel dataset covering the period 2008–2024 was constructed for nine 
countries. The treatment group comprises the five BRICS economies (Brazil, Russia, India, 
China, and South Africa), while the control group consists of four of the largest economies 
of the European Union: Germany, France, Italy, and Spain. These countries were selected 
because they represent the largest EU economies, have well-established digital government 
systems, and play a significant role in European digital governance and standardization 
policies. Focusing on the largest EU economies provides a more homogeneous institutional 
benchmark than including all EU member states, whose substantial differences in economic 
size, administrative capacity, and digital maturity could introduce additional heterogeneity 
into the analysis. The resulting balanced panel contains 81 country-year observations.

To complement the EGDI-based analysis, the study employs the World Bank Digi-
tal Adoption Index (DAI) and its three dimensions: Business, People, and Government. 
Whereas EGDI measures the maturity of digital government, DAI captures the broader 
diffusion of digital technologies across the economy and therefore provides an independent 
measure of digital transformation. The distinction between the three DAI dimensions also 
makes it possible to determine whether the observed differences are particularly pronounced 
in the government sector or reflect broader patterns of digital adoption.

Because DAI is available only for 2014 and 2016, it is used to compare changes immedi-
ately before and after the 2015 institutional intervention across three country groups: BRICS, 
the four selected EU economies, and the BRICS+ countries—Egypt, Ethiopia, Indonesia, and 
Iran. Differences in DAI and its sub-indices are assessed using independent-samples t-tests.

The qualitative component is based on an original dataset compiled from official 
national and international standardization repositories covering the five BRICS countries. 
Only primary institutional sources were used to ensure the reliability, comparability, and 
official status of the collected information (Table 1).

Table 1. Databases of standards for BRICS countries.

Country Name of the Database Link

Brazil Associação Brasileira de Normas Técnicas 
(ABNT) https://abnt.org.br (access on 8 November 2026)

Russia Federal Agency for Technical Regulation and 
Metrology (Rosstandart)

https://www.gost.ru/portal/gost/home/activity/
standardization (access on 8 November 2026)

(Access to this URL requires a Russian browser 
supporting local TLS certificates)

India National Standards Body of India (BIS)
https://www.services.bis.gov.in/php/BIS_2.0/

dgdashboard/Published_Standards (access on 8 
November 2026)

China
National Public Platform for Standards Services https://std.samr.gov.cn/ (access on 8 November 2026)

Unified Database of State Standards (GB) https://openstd.samr.gov.cn/bzgk/std/ (access on 8 
November 2026)

South Africa South African Bureau of Standards (SABS) https://store.sabs.co.za/ (access on 8 November 2026)
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For Russia, data were collected from the Federal Agency for Technical Regulation and 
Metrology (Rosstandart). For China, information was obtained from the Standardization 
Administration of China (SAC) and the National Public Information Service Platform for 
Standards administered by the State Administration for Market Regulation (SAMR). The 
Indian dataset was compiled using the Bureau of Indian Standards (BIS), particularly the 
Electronics and Information Technology Technical Committee (LITD). For Brazil, data were 
retrieved from the Brazilian Association of Technical Standards (ABNT) and the ABNT 
Catalogue, which provides searchable information on national technical standards and the 
adoption of ISO/IEC standards within the Brazilian ICT sector. The South African data 
were obtained from the South African Bureau of Standards (SABS), specifically from the 
SABS catalogue.

Data collection followed a harmonized protocol across all five countries. First, offi-
cial standardization databases were searched using a unified set of keywords associated 
with digital governance and smart technologies, including artificial intelligence, Internet of 
Things, big data, cloud computing, cybersecurity, digital government, smart city, data gov-
ernance, and related terms. The keywords used to identify relevant standards were initially 
defined based on the Indian BIS database, which, unlike the other databases considered, 
provides a comprehensive catalogue of standards organized by thematic categories. This 
structure made it possible to establish an initial set of thematic search terms. To expand this 
set and account for possible variations in terminology, additional keywords were generated 
using Claude AI (Sonnet 5.5).

The searches were conducted in the language appropriate to each national database. 
The Russian databases were searched in Russian by a native Russian speaker (author 1), 
while the Brazilian database was searched in Portuguese by a native Portuguese speaker (au-
thor 2). The Indian and South African databases were searched in English, as their interfaces 
and catalogues are available in English. For the Chinese database, the search was conducted 
using keywords translated with Google Translate. The Chinese translations were checked 
in advance by native speakers to ensure their linguistic and contextual appropriateness.

The full search protocol, including the keywords used, language versions of the search 
queries, search results, and the subsequent screening procedure, is provided in Table A1 
(Appendix A).

For qualitative analysis, policy reports and strategic documents were used as comple-
mentary sources to identify national priorities in digital standardization and to interpret 
institutional differences in standardization governance.

3.2.  Quantitative Analysis
To test H1a, the study compares changes in the DAI and its Government, Business, 

and People sub-indices across BRICS, the selected EU economies, and BRICS+ countries. 
The comparison focuses on the period immediately preceding and following the 2015 insti-
tutional intervention. Independent-samples t-tests are used to assess whether differences 
between the country groups are statistically significant. Differences in the changes in DAI 
and its sub-indices (2014–2016) between country groups are assessed using two-sample 
Welch t-tests, which do not assume equal variances and are more reliable than Student’s 
t-test when group sizes are small and unequal (n = 5, 4 and 4). Degrees of freedom are 
computed using the Welch–Satterthwaite approximation. All tests are two-tailed, and sig-
nificance is assessed at the 1%, 5% and 10% levels. Given the small samples and the number 
of comparisons, the results are treated as exploratory.

The Government sub-index is of particular importance for testing H1a because the 
theoretical framework predicts that institutional coordination through digital standards 
should be most directly reflected in government digitalization. The Business and People 
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sub-indices are examined as complementary dimensions of digital adoption, allowing the 
analysis to distinguish institutional effects in government from broader convergence in 
digital technology adoption.

To test H1b, the study employs a Difference-in-Differences (DiD) model. The empir-
ical analysis is based on the assumption that the coordinated policy of digital standards 
harmonization within BRICS began in 2015, following the launch of cooperation in the field 
of the digital economy. Accordingly, 2015 is treated as the intervention point separating the 
pre-policy and post-policy periods.

The year 2015 marked a pivotal institutional shift for BRICS, as the Strategy for BRICS 
Economic Partnership adopted at the Ufa Summit formally recognized the need to address 
disparate technical regulations and standards to enhance trade [10]. Simultaneously, the 
October 2015 inaugural BRICS Meeting of Ministers of Communications initiated the BRICS 
Working Group on ICT Cooperation, formalizing the harmonization of technological pro-
tocols and digital standards across member states [11]. The Ufa Declaration reinforced 
this trajectory, with leaders explicitly confirming a commitment to deepening technological 
integration and aligning regulatory frameworks [12].

Importantly, 2015 is treated as a common institutional starting point for intensified 
BRICS-level coordination rather than as a year of uniform implementation across member 
states; the subsequent qualitative analysis explicitly documents substantial differences in 
the timing, scope, and institutional form of national implementation.

The treatment group comprises the BRICS member states, while the four largest EU 
member states (Germany, France, Italy, and Spain) constitute the control group. The 
European Union countries were selected because they represent an advanced model of in-
stitutional integration and digital governance, providing an appropriate benchmark against 
which to evaluate whether BRICS countries experienced additional improvements associ-
ated with their harmonization efforts rather than with broader global trends in digitalization. 
The four control countries share comparable levels of e-government maturity and operate 
within a common EU regulatory and standardization environment. The selection does 
not imply equivalence in initial digital maturity or institutional development; rather, the 
EU economies provide a benchmark for comparing post-2015 changes against a relatively 
integrated digital-governance environment, with the identification relying on differences in 
trajectories rather than levels.

The dependent variable is the United Nations E-Government Development Index 
(EGDI), which serves as a comprehensive indicator of digital government maturity. The 
index combines measures of online public service provision, telecommunication infrastruc-
ture, and human capital, making it an appropriate proxy for evaluating the effectiveness of 
digital governance policies.

The estimated model is specified as follows:

EGDIit  = 𝛼 + 𝛽1 × Treatmenti  + 𝛽2 × Postt  + 𝛽3 × (Treatmenti × Postt ) + 𝜀it 

where
Treatment is a binary variable identifying countries belonging to the treatment group,
Post—distinguishes the post-intervention period (2015 onwards), and
Treatment × Post—the interaction between treatment status and the post-intervention 

period. The coefficient of the interaction term captures the average treatment effect of the 
digital standards harmonization policy on digital government development.

By exploiting both temporal and cross-country variation, the model allows the esti-
mated policy effect to be distinguished from broader global developments affecting digi-
tal transformation.
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3.3.  Qualitative and Comparative Institutional Analysis
The qualitative component examines the evolution of digital standardization across the 

five BRICS countries and identifies differences in the institutional logic underlying national 
standardization trajectories. Particular attention is given to the development of standards 
related to artificial intelligence, IoT, big data, cybersecurity, digital government, smart cities, 
and digital infrastructure.

The analysis compares the institutional sources, technological domains, and develop-
ment trajectories of national digital standards and examines how these national approaches 
interact with international standards and BRICS-level coordination initiatives.

The qualitative evidence is used to complement the quantitative findings by explaining 
the institutional mechanisms through which digital standards may facilitate or constrain 
interoperability. In particular, it allows the study to distinguish between the quantita-
tive expansion of national standards and their broader institutional function in enabling 
compatible digital systems, cross-border data exchange, and coordinated digital services. 
The combined quantitative and qualitative analysis therefore provides evidence both on 
the measurable outcomes associated with digital standardization and on the institutional 
mechanisms that may explain these outcomes.

4.  Results
4.1.  Evolution of Digital Standardization in BRICS Countries

The comparative analysis revealed substantial differences in both the pace and in-
stitutional logic of digital standardization across the BRICS countries. Although all five 
countries have significantly expanded their portfolios of digital standards since 2018, the 
trajectories of development differ considerably depending on national digital strategies, 
industrial priorities, and approaches to technological governance (Figures 2 and 3). Overall, 
three distinct patterns of digital standardization can be identified.

Figure 2. Temporal distribution of the standards in digital areas. Source: authoring; data are presented 
in Table A2 (Appendix A).
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Figure 3. Thematic and temporal distribution of the standards in digital areas across BRICS countries 
based on data in Supplementary Materials. Source: generated with the assistance of Claude Sonnet 
5.5 (Anthropic) using Python 3.12 and Matplotlib 3.8.2. The authors supplied the data, verified the 
figure against the source tables, and take full responsibility for its content; data are presented in 
Table A2 (Appendix A).

Brazil exhibits the most stable and broad-based trajectory. Its registry is rooted in a 
formative biometric core. As Figure 3 demonstrates, before 2015, biometrics accounted for 
21 of the country’s 26 standards in this period. During the expansion phase (2015–2021), 
standardization diversified gradually across digital infrastructure, smart manufacturing, 
and information technologies. The emerging-technology phase (2022–2026) brought the 
appearance of artificial intelligence and a stronger role for security and IoT-related standards, 
although overall growth remained relatively modest. Importantly, the Brazilian trajectory 
is characterized by close alignment with international standardization: 98% of records 
contain an explicit reference to ISO/IEC standards. Therefore, the expansion of the national 
digital standards system has followed the international standardization agenda rather than 
developing as an autonomous national track.

South Africa demonstrates a similar pattern. Its formative phase was strongly concen-
trated on biometrics, with 23 of 27 standards belonging to this area. Figure 3 also shows that 
during 2015–2021, the profile broadened substantially, with cloud computing and smart-city 
standards becoming particularly prominent. The emerging-technology phase was marked 
by a sharp and recent turn towards artificial intelligence. Overall, 98–99% of South African 
records are harmonized with ISO/IEC standards. The similarity between Brazil and South 
Africa therefore extends beyond their aggregate levels of harmonization: both countries 
show a strong correspondence between the development of their national standards and the 
international standardization cycle, with national adoption closely following internationally 
developed standards.

India follows a different, but still predominantly internationally oriented trajectory. Its 
registry is the largest in the sample, with 322 standards. As shown in Figure 2, the formative 
phase was relatively limited, whereas the expansion phase generated a substantial increase 
in activity, particularly in 2019–2021, when output reached 104 standards. Information 
security and biometrics dominated this expansion, accounting together for 165 of the 
322 standards in the full corpus. The emerging-technology phase subsequently brought 
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rapid growth in IoT and artificial intelligence, which became prominent only from 2022 
onwards. At the same time, India exhibits the clearest internal differentiation between 
internationally harmonized and nationally oriented standardization. While 83% of its 
standards are harmonized with ISO/IEC, the digital infrastructure category has only 16% 
international alignment. This selective divergence suggests that national policy priorities 
can generate departures from otherwise strong international harmonization.

Russia presents a more discontinuous trajectory. During the formative phase, its 
51 early documents consisted mainly of general IT and information-security standards, 
reflecting a conventional understanding of digital standardization (Figure 3). The expansion 
phase brought broader diversification, including the development of IoT and cybersecurity 
standards. The emerging-technology phase, however, is characterized by a highly selective 
sectoral orientation. Digital industry and smart home standards dominate the 2022–2026 
period, accounting for 29 of the 44 standards produced during this window. Together, 
digital industry and smart home represent 29% of the entire Russian corpus, with smart 
home being almost absent from the other countries except China. Thus, the post-2022 
acceleration does not represent a general expansion of digital standardization but rather a 
concentration on industrial automation and cyber-physical applications.

China demonstrates a contrast to the other countries. Its expansion phase began with a 
substantial increase in standardization activity during 2015–2021 (Figure 2), particularly in 
cloud computing, e-learning, and smart cities (Figure 3). The emerging-technology phase is 
characterized by a particularly strong orientation towards artificial intelligence: AI accounts 
for 20 of China’s 49 standards in 2025–2026, including standards addressing generative AI, 
large models, and AI agents. China also shows the most balanced thematic profile overall 
and includes a comparatively strong e-government component. Despite substantial activity 
in areas that overlap with international standardization, however, explicit references to 
ISO/IEC standards are virtually absent from the Chinese corpus. This pattern indicates 
a fundamentally different institutional model, based predominantly on the autonomous 
development of national standards rather than systematic adaptation of ISO/IEC standards.

Overall, the comparison identifies three distinct patterns of digital standardization 
within BRICS. Brazil and South Africa represent highly internationalized “shadowing” 
models, in which national standards closely follow the timing and substantive direction of 
ISO/IEC developments. India combines substantial international harmonization with selec-
tive national divergence in strategically sensitive digital infrastructure. Russia and China 
demonstrate stronger national institutional autonomy, although their trajectories differ: Rus-
sia increasingly concentrates on specific industrial and cyber-physical applications, whereas 
China has developed a broad and largely independent national standardization system. 
These differences suggest that the expansion of digital standardization across BRICS does 
not necessarily imply convergence in institutional approaches. Rather, the same technologi-
cal domains, such as AI, IoT, cybersecurity, digital infrastructure, and smart manufacturing, 
are incorporated into substantially different national standardization regimes, ranging from 
international alignment to selective adaptation and autonomous standard setting.

4.2.  Institutional Barriers to Smart Governance in BRICS
While all BRICS countries recognize digital standardization as a strategic instrument of 

digital transformation, the analysis of secondary sources (literature, analytics, and working 
papers of research projects) demonstrates that significant institutional barriers continue 
to hinder the development of an integrated digital governance space. These barriers arise 
primarily from differences in regulatory philosophies, technical standards, and approaches 
to digital sovereignty rather than from technological limitations.
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The first and most significant barrier concerns the fragmentation of data governance 
frameworks [72]. Although each BRICS country has established comprehensive personal 
data protection legislation, considerable differences exist regarding cross-border data trans-
fers, localization requirements, and legal interoperability [73]. Brazil, China, and Russia 
apply substantially different legal requirements governing data storage, encryption, and 
international data exchange, creating serious obstacles for developing common AI platforms, 
cloud services, and cross-border digital ecosystems [70]. Similar inconsistencies emerge 
in regulations governing international transfers of personal data and the recognition of 
adequate levels of data protection, making the deployment of shared digital infrastructures 
both legally complex and economically inefficient [87].

A second barrier relates to technological interoperability. Despite ongoing cooperation 
in digital currencies, Industry 4.0, and intelligent logistics, BRICS countries continue to 
employ different cryptographic algorithms, blockchain architectures, IoT protocols, and 
digital identity standards. These technical incompatibilities restrict interoperability between 
national digital payment systems, industrial platforms, and cross-border logistics networks, 
reducing the potential benefits of regional digital integration [88].

The analysis also reveals significant differences in platform governance and artificial 
intelligence regulation [74]. Divergent standards governing algorithmic transparency, 
digital marketplace regulation, consent mechanisms, and the processing of AI training 
datasets create unequal competitive conditions for firms operating across BRICS markets. 
For example, variations in legal concepts such as legitimate interest, explicit consent, and 
anonymization complicate the lawful exchange and reuse of datasets necessary for training 
advanced AI models. These differences substantially increase regulatory uncertainty for 
companies developing cross-border digital services.

Therefore, the identified regulatory differences can be interpreted as contrasting in-
stitutional philosophies of digital governance (Table 2), which manifest themselves in the 
policies for data localization and anonymized data. We can see that Russia and China pri-
marily conceptualize digital standards as instruments of national sovereignty and strategic 
control over critical digital infrastructure. Brazil and South Africa adopt regulatory ap-
proaches more closely aligned with international privacy principles inspired by the GDPR 
framework, emphasizing individual rights and legal safeguards. India occupies an interme-
diate position by combining relatively flexible data governance with strong governmental 
oversight designed to support economic development and Digital Public Infrastructure.

Table 2. Regulatory differences in digital governance in BRICS countries. Source: authoring, based 
on data from CyberBRICS Project [89].

Domain Russia/China Brazil/South Africa India

Philosophies of 
digital 

governance

National sovereignty and 
strategic control over critical 

digital infrastructure

Individual rights and legal 
safeguards (GDPR 

framework)

Economic pragmatism and a 
balance of interests

Data Localization Mandatory throughout the 
country

Not required (provided the 
receiving party is suitable)

Moderate (the government may 
draw up a “blacklist” of countries)

Anonymized 
data

Regulated by the 
government

Exempt from the Personal 
Data Protection Act

May be requested by the 
government

Taken together, these findings suggest that the principal challenge for smart governance 
within BRICS is not the lack of digital standards themselves but the limited interoperability 
between national standardization systems. Rather than converging toward a single reg-
ulatory model, BRICS countries increasingly pursue institutional compatibility through 
selective harmonization, technical interfaces, and bilateral or multilateral cooperation mech-
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anisms. This emerging approach reflects a pragmatic form of digital governance in which 
interoperability, rather than complete regulatory unification, becomes the principal mecha-
nism for facilitating cross-border digital cooperation. Importantly, technical interoperability 
does not imply legal harmonization: cross-border data exchange, payment infrastructures, 
and technology transfers remain subject to the applicable national legal and regulatory 
requirements of the participating BRICS jurisdictions.

4.3.  Institutional Mechanisms Underlying Digital Standards Harmonization
The comparative analysis demonstrates that, in recent years, BRICS countries have 

gradually shifted from attempts to harmonize national digital legislation toward a model of 
functional interoperability. Rather than pursuing a unified digital code, BRICS members 
have developed several complementary standardization initiatives designed to reduce reg-
ulatory fragmentation while preserving national digital sovereignty (Table 3). To avoid 
conflating different levels of evidence, each initiative is classified as proposed, experimental 
(pilot), operational, or supported by documented outcomes. Table 3 summarizes this assess-
ment. It is important to emphasize that the evidence base for all three is largely conceptual, 
policy-oriented, or descriptive, and independent empirical evaluations remain scarce.

Table 3. Comparative analysis of digital standardization initiatives in BRICS. Source: authoring, based 
on [75–77,90,91].

Initiative Standardization 
Mechanism

Governance
Objective Maturity Stage and Limitations

Trusted Cross-border 
Data Corridors

API-based 
interoperability, 
sovereign cloud 

architecture, encrypted 
data exchange

Cross-border data 
governance while 

preserving national 
data sovereignty

Proposed or early-stage; implementation 
remains partial across member states; 
evidence mainly policy-based; legal 

compatibility with national localization 
rules untested

BRICS Pay

Multi-standard 
cryptographic 

interoperability and 
decentralized APIs

Harmonization of 
digital payment 

infrastructure and 
CBDC interoperability

Proposed or pilot stage; retail 
deployment remains limited; sanctions 

and regulatory barriers unresolved

Federated Learning 
Framework

Common AI training 
protocols without 

cross-border transfer of 
raw data

Joint AI development 
under heterogeneous 
privacy regulations

Technically mature in research and 
health pilots but not an adopted BRICS 

standard; especially relevant in 
healthcare, scientific research, and 

privacy-preserving AI collaboration
BRICS Institutional 
Coordination (ICT 

Working Groups, AI 
governance, NDB 

financing)

Common technical 
guidelines, 

infrastructure financing, 
capacity building

Long-term 
convergence of digital 

standards and 
institutional 
capabilities

Operational bodies; indirect impact not 
yet measured; strategic long-term impact 

through reduction of technological 
asymmetries and promotion of 

interoperable digital ecosystems

The first institutional mechanism concerns the establishment of trusted cross-border 
data corridors [75,76]. Instead of transferring raw datasets across jurisdictions with different 
data localization requirements, participating countries increasingly rely on interoperable 
data gateways based on secure APIs, encrypted communication channels, and distributed 
cloud infrastructures. This approach enables analytical outputs or anonymized datasets to 
circulate while sensitive information remains within national jurisdictions. Such an institu-
tional design is intended to reduce legal conflicts arising from divergent data protection 
legislation, and some BRICS sources suggest it could accelerate customs verification and 
information exchange in digital trade logistics [75,76]. However, these claims are drawn 
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mainly from policy analyses rather than independent evaluations, and the corridors should 
currently be regarded as a proposed or early-stage mechanism. Comparable European ex-
perience, such as Gaia-X and International Data Spaces, shows that sovereignty-preserving 
data-sharing architectures face persistent challenges of governance, interoperability and 
compliance with cross-border transfer rules [81,82]. Nevertheless, implementation re-
mains uneven because interoperable infrastructure is still under development across several 
BRICS members.

A second example is represented by the BRICS Pay initiative, which can be treated as an 
illustration of standardization through technological interoperability rather than regulatory 
unification [77,92]. The platform employs decentralized application programming inter-
faces capable of translating payment instructions between different national cryptographic 
standards instead of requiring participating countries to adopt a single encryption protocol 
(Table 3). Consequently, interoperability is intended to be achieved without compromising 
national cybersecurity regulations or sovereign digital currency strategies. The initiative is 
aimed at reducing transaction costs and increasing resilience against disruptions affecting 
conventional international payment systems, particularly for business-to-business trans-
actions, but these benefits are projected rather than empirically demonstrated. BRICS Pay 
remains at the proposal or pilot stage, and its feasibility depends on unresolved issues 
of sanctions exposure, anti-money-laundering compliance, central bank coordination and 
legal compatibility across jurisdictions [77,93].

A third case concerns federated learning, which is discussed as a candidate technical 
approach for AI collaboration under data localization constraints [93,94]. Since personal, 
medical, and financial datasets remain within national jurisdictions during model training, 
only model parameters are exchanged among participating institutions. This can ease some 
legal constraints on cross-border transfers, but it does not remove them: model updates may 
still leak information, and their legal status under different data protection regimes is not 
settled. Evidence of effectiveness comes mainly from clinical and technical research outside 
BRICS governance frameworks, and no common BRICS standard has been demonstrated. 
The approach has become especially relevant for healthcare and scientific research, where 
access to large distributed datasets is essential but direct cross-border data transfers remain 
legally constrained (Table 3).

Finally, BRICS has strengthened institutional coordination through specialized gov-
ernance bodies and financial instruments supporting digital infrastructure development. 
Working groups on ICT governance, AI governance platforms, and financing provided 
through the New Development Bank facilitate the diffusion of common technical standards, 
shared cybersecurity protocols, and interoperable digital infrastructure [94]. Rather than di-
rectly harmonizing legislation, these institutions promote convergence through coordinated 
investments, technical guidance, and capacity building, thereby reducing technological 
asymmetries among member states.

Overall, the analyzed cases suggest that interoperability-based governance is a promis-
ing but still largely unproven approach to balancing national digital sovereignty with the 
need for cross-border digital cooperation. The maturity of individual initiatives differs 
considerably, and the available evidence does not yet allow firm conclusions about their 
effects, which is consistent with the sector-specific and partly inconclusive quantitative 
results in Section 4.4.

4.4.  Quantitative Assessment of the Effects of Digital Standardization in BRICS
To evaluate whether institutional efforts aimed at digital standardization have trans-

lated into measurable improvements in digital transformation, we compared the dynamics 
of digital development indicators across three groups of countries: BRICS members, BRICS+ 
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candidate countries (Egypt, Iran, Ethiopia, Indonesia), and technological leaders of Eu-
ropean Union countries (Germany, Italy, Spain and France). The underlying hypothesis 
was that, if BRICS initiatives effectively facilitate digital cooperation and harmonization, 
member countries should demonstrate faster improvements in digitalization indicators 
than comparable non-member economies.

To test H1a, the analysis first examines changes in the World Bank Digital Adoption 
Index (DAI) between 2014 and 2016 (Table 4).

Table 4. World Bank Digital Adoption Index (DAI).

Country DAI
2014

DAI
2016

DAI-B
2014

DAI-B
2016

DAI-P
2014

DAI-P
2016

DAI-G
2014

DAI-G
2016

Mean BRICS 0.575 0.632 0.569 0.626 0.432 0.500 0.725 0.772
Stand.Dev BRICS 0.103 0.089 0.109 0.095 0.171 0.170 0.075 0.062

Mean BRICS+ 0.385 0.440 0.362 0.427 0.238 0.345 0.556 0.549
Stand.Dev. BRICS+ 0.117 0.118 0.094 0.117 0.116 0.135 0.154 0.128

Mean EU 0.756 0.781 0.774 0.792 0.675 0.715 0.820 0.836
Stand.Dev. EU 0.031 0.040 0.054 0.053 0.053 0.050 0.029 0.052

Independent-samples mean comparison tests revealed statistically significant differ-
ences between BRICS and EU countries for the overall DAI, with BRICS exhibiting a larger 
average increase in digital adoption. However, no significant differences were observed be-
tween BRICS and BRICS+ countries, while BRICS+ also outperformed the EU at a marginal 
significance level. These findings indicate that the faster pace of digital adoption is not 
unique to BRICS membership and is more likely associated with the catch-up dynamics 
typically observed in emerging economies (Table 5).

Table 5. Differences in changes in the World Bank Digital Adoption Index (DAI), 2014–2016: Welch 
two-sample t-tests. Source: World Bank Digital Adoption Index; authors’ calculations.

Indicator Comparison
(A vs. B)

n 
(A/B)

Mean 𝚫, 
A

Mean 𝚫, 
B

Diff. 
(A − B) SE t df p

DAI 
(overall)

BRICS vs. EU 5/4 0.057 0.025 0.032 0.011 2.83 ** 6.4 0.028
BRICS vs. BRICS+ 5/4 0.057 0.055 0.002 0.019 0.11 5.1 0.920

BRICS+ vs. EU 4/4 0.055 0.025 0.030 0.017 1.77 3.8 0.154

DAI–
Business

BRICS vs. EU 5/4 0.057 0.018 0.039 0.009 4.12 ** 4.6 0.011
BRICS vs. BRICS+ 5/4 0.057 0.064 −0.008 0.021 −0.36 4.4 0.734

BRICS+ vs. EU 4/4 0.064 0.018 0.047 0.019 2.44 * 3.1 0.090

DAI–People
BRICS vs. EU 5/4 0.068 0.040 0.028 0.020 1.38 4.4 0.233

BRICS vs. BRICS+ 5/4 0.068 0.108 −0.040 0.035 −1.15 5.7 0.297
BRICS+ vs. EU 4/4 0.108 0.040 0.068 0.029 2.37 * 3.1 0.094

DAI–
Government

BRICS vs. EU 5/4 0.046 0.017 0.029 0.021 1.37 4.8 0.233
BRICS vs. BRICS+ 5/4 0.046 −0.007 0.053 0.017 3.16 ** 6.1 0.019

BRICS+ vs. EU 4/4 −0.007 0.017 −0.024 0.023 −1.04 5.4 0.343
Notes: The outcome is the change in each index between 2014 and 2016 (Δ = DAI2016 − DAI2014); “Mean Δ” is 
the group mean change and “Diff.” is the difference in mean changes (A − B). Groups: BRICS = Brazil, Russia, 
India, China, South Africa (n = 5); BRICS+ = Egypt, Ethiopia, Indonesia, Iran (n = 4); EU = Germany, France, 
Italy, Spain (n = 4). All tests are two-tailed Welch t-tests for unequal variances, with Welch–Satterthwaite degrees 
of freedom; SE is the standard error of the difference. * p < 0.1; ** p < 0.05. Given the small group sizes and twelve 
comparisons, the results are exploratory, and no correction for multiple testing has been applied.

A similar pattern emerged for the Business sub-index of the DAI. Both BRICS and 
BRICS+ countries demonstrated significantly faster improvements than EU member states, 
whereas no statistically significant difference was found between BRICS and BRICS+. Since 
the initial level of business digitalization was substantially higher in the EU, these results are 
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consistent with the hypothesis of convergence rather than indicating a specific institutional 
effect attributable to BRICS digital cooperation (Table 5).

The People sub-index produced even weaker evidence in support of the institutional 
hypothesis. Statistically significant differences were identified only between BRICS+ and 
EU countries, while BRICS countries did not outperform either comparison group. This 
suggests that improvements in household digital adoption are primarily driven by broader 
socio-economic determinants, such as income growth, mobile connectivity, and educational 
expansion, rather than by interstate coordination initiatives (Table 5)

A different pattern was observed for the Government sub-index of the Digital Adop-
tion Index. Here, BRICS countries exhibited significantly stronger growth than BRICS+ 
economies. Since no significant differences were detected between BRICS+ and the EU, 
these findings provide the strongest empirical indication that institutional cooperation 
within BRICS may have contributed to accelerating digital government development. In 
contrast to business and household digitalization, government digital transformation relies 
heavily on common standards, interoperable digital infrastructure, and coordinated admin-
istrative reforms, making it more directly influenced by collective governance initiatives 
(Table 5).

To test H1b, the Difference-in-Differences model evaluates changes in the dynamics of 
the United Nations E-Government Development Index (EGDI). The model assumes 2015 
as the starting point of intensified BRICS digital standardization initiatives, with BRICS 
countries representing the treatment group and EU countries serving as the control group 
(Table 6).

Table 6. Difference-in-Differences estimates of the effect of the 2015 BRICS digital standardization 
initiatives on the UN E-Government Development Index (EGDI). Source: UN E-Government Devel-
opment Index; authors’ calculations.

Variable (1) Conventional SE (2) Cluster-Robust SE

Treatmenti  (BRICS = 1) −0.248 *** −0.248 ***
(0.030) (0.049)

Postt  (2016–2024 = 1) 0.097 *** 0.097 ***
(0.030) (0.019)

Treatedi × Postt  (DiD, 𝛽3) 0.108 *** 0.108 ***
(0.040) (0.022)

Constant 0.761 *** 0.761 ***
(0.022) (0.028)

Observations (country-years) 81 81
Countries (clusters) 9 (5 treated, 4 control) 9 (5 treated, 4 control)

R2 0.670 0.670
Adjusted R2 0.657 0.657

F(3, 77) 52.10 *** 52.10 ***
Wild cluster bootstrap p-value, β3 — 0.004

Permutation p-value, β3 — 0.008
Notes: Dependent variable: EGDI (0–1 scale). Balanced panel of nine countries (five BRICS treated, four EU 
control) observed in nine biennial waves, 2008–2024. Treated = 1 for BRICS; Post = 1 for 2016–2024 (the first wave 
after the 2015 treatment start; no 2015 wave exists). Both columns are pooled OLS: Yit = 𝛼 + 𝛽1Treatedi  + 𝛽2Postt  + 
𝛽3(Treatedi × Postt ) + 𝜀it . Standard errors are in parentheses: column (1) conventional OLS; column (2) clustered 
by country (G = 9), with significance based on the t(8) distribution. Because the number of clusters is small, β3 is 
also assessed by a wild cluster bootstrap-t (Rademacher weights, null imposed, all 29 = 512 sign combinations; 
0.004 is the smallest attainable two-sided p-value) and by a permutation test over all 126 ways of assigning five of 
the nine countries to treatment. Placebo test (fake treatment in 2014, sample 2008–2014, n = 36): β3 = −0.030 (SE 
0.070), p = 0.67; *** p < 0.01.

The negative coefficient of the treatment variable confirms that BRICS countries initially 
lagged behind EU countries in digital government development before the policy period. 
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The positive time coefficient indicates that digital government performance improved across 
all countries due to general technological progress and broader digitalization trends. Most 
importantly, the positive Difference-in-Differences coefficient (0.108) is associated with 
additional improvements in BRICS-specific institutional developments beyond the common 
time trend.

Parallel Trends Assessment. The parallel trends assumption was assessed visually by 
comparing the pre-intervention dynamics of EGDI for the BRICS treatment group and the 
selected EU control group (Figure 4).

Figure 4. Diagnostic for the parallel trends assumption. Source: United Nations E-Government 
Development Index; authors’ calculations. The figure was produced with the assistance of Claude 
(Anthropic), which wrote the Python 3.1.2 (matplotlib 3.8.2) code from the authors’ data and instruc-
tions; the authors checked the figure against the source data and take full responsibility for it.

Despite differences in the absolute levels of EGDI, the two groups exhibit broadly 
similar upward trajectories during the pre-intervention period (2008–2014), with no sys-
tematic divergence evident before 2015. This provides visual support for the parallel trends 
assumption underlying the Difference-in-Differences estimation.

To further verify our assumption, a placebo test was performed on the restricted pre-
intervention sample (2008–2014), assuming a fake treatment year in 2014. The Difference-in-
Differences (DiD) coefficient proved to be statistically insignificant (𝛽3 = −0.030, p = 0.67), 
which validates the use of the DiD estimator on the full sample with 2015 (more accurately, 
2016) as an intervention point. Given the limited number of pre-intervention observations, 
the visual assessment was complemented by the pre-treatment placebo test, which provides 
an additional diagnostic of whether a differential treatment effect is detectable before the 
designated intervention period.

Although this estimate should be interpreted with appropriate caution, it provides 
quantitative evidence that digital standardization initiatives within BRICS were associated 
with measurable improvements in government digitalization after accounting for pre-
existing differences between the groups.

However, the quantitative evidence presents a differentiated picture. The analyses 
do not support the hypothesis that BRICS membership systematically accelerates all di-
mensions of digital transformation. The observed improvements in indicators of business 
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and household digitalization appear to be largely explained by the convergence effects 
characteristic of developing economies. By contrast, the strongest empirical evidence sup-
porting the effectiveness of BRICS institutional cooperation is found in digital government. 
Both comparative tests and the Difference-in-Differences model suggest that implement-
ing coordinated digital governance standards and institutional harmonization results in 
additional improvements.

5.  Discussion
As predicted by the transaction-cost and network-effects mechanisms, the findings 

provide sectorally uneven evidence for the relationship between digital standardization, 
institutional coordination, and digital transformation within the BRICS block. The strongest 
evidence is observed in digital government, while the results for business and household 
digitalization are more associated with broader processes of economic and technological 
convergence. This distinction is important because it suggests that the effects of institu-
tional coordination are more visible where digital transformation depends directly on 
interoperability between public organizations, shared procedures, and coordinated digi-
tal infrastructures.

The results therefore provide differentiated support for H1a, with the strongest ev-
idence concentrated in the Government dimension. The significant BRICS advantage in 
government digital adoption, together with the positive Difference-in-Differences coefficient 
for EGDI, is consistent with the view that common standards can support public-sector 
digitalization. By contrast, the weaker BRICS-specific effects for Business and People 
indicate that digital adoption in these domains is also strongly influenced by market incen-
tives, investment, income, education, and telecommunications infrastructure. This finding 
complements previous research emphasizing the importance of institutional quality and 
interoperability for digital government, while extending this literature by considering digi-
tal standards as a mechanism linking institutional coordination with digital government 
outcomes [88–90].

The qualitative evidence helps explain revealed sectoral differentiation. BRICS coun-
tries have expanded standardization in areas such as artificial intelligence, cybersecurity, 
data governance, and digital infrastructure, but they have followed different institutional 
trajectories. China increasingly uses standardization to support technological leadership; 
Russia emphasizes technological sovereignty and domestic digital resilience; India links 
standards closely to digital public infrastructure; while Brazil and South Africa rely more 
heavily on the adaptation of international standards. These differences indicate that BRICS 
digital integration does not depend on a single model of standardization. Functional in-
teroperability can instead emerge through different institutional pathways, provided that 
national systems develop sufficiently compatible technical and governance arrangements.

This perspective also qualifies the interpretation of H1b. The positive and statistically 
significant Difference-in-Differences coefficient indicates that the improvement in EGDI for 
BRICS after 2015 exceeded the corresponding change in the selected EU economies. The 
result is consistent with an association between intensified BRICS digital cooperation and 
additional improvements in digital government. In a setting without supranational regula-
tory authority, standards may offer a flexible coordination mechanism because they can 
establish common technical and organizational requirements without requiring complete le-
gal harmonization. The findings therefore support the concept of functional interoperability 
as a potential form of digital integration among institutionally heterogeneous states.

Placing the BRICS findings against the EU model clarifies what is being compared. 
The four EU economies operate within a harmonized legal order in which interoperability 
is supported by binding instruments, such as the GDPR, the European Digital Identity 
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Framework, and the Interoperable Europe Act, and by standards developed through the 
European Standardization Organizations in cooperation with ISO and IEC, whereas BRICS 
relies on voluntary coordination and technical interfaces that leave national law unchanged 
(Table 7). Applying the same criteria shows complementary strengths and weaknesses. 
The EU model offers legal certainty, enforceability, and cross-border recognition, but entails 
high coordination and compliance costs and is subject to continuing regulatory revision. 
The BRICS model preserves sovereignty and allows pragmatic technical cooperation, but 
depends on political consensus, offers limited legal certainty for cross-border exchange, 
and, as Section 4.3 shows, rests on initiatives that are mostly proposed or at an early stage.

Table 7. Comparison of EU regulatory harmonization and BRICS functional interoperability us-
ing common analytical criteria. Source: authoring, based on [19,86,88,89,95–98] and the results of 
this study.

Criterion EU: Regulatory Harmonization BRICS: Functional Interoperability

Legal basis and 
bindingness

Binding regulations (GDPR, eIDAS 2.0, 
Interoperable Europe Act) supported by 

non-binding frameworks (EIF)

Declarations, working-group agreements, 
and bilateral or pilot arrangements; no 

supranational binding instruments
Institutional 
actors and 

enforcement

European Commission, Member States, 
Interoperable Europe Board, data protection 

authorities, Court of Justice

Intergovernmental consensus, ICT 
working groups, NDB financing; 

enforcement remains national
Interoperability 
layers addressed 

(EIF)

All four layers: legal, organizational, semantic, 
and technical

Mainly technical and semantic (APIs, 
cryptographic translation, shared 

protocols); the legal layer remains national

Cross-border 
data exchange

Common rules with conditional transfer 
mechanisms (adequacy decisions, standard 

contractual clauses), Data Governance Act, Data Act, 
common data spaces

Data corridors and federated learning 
intended to let outputs circulate while 

data stay national; localization 
requirements remain in several members

Role of standards 
bodies

CEN, CENELEC, and ETSI deliver harmonized 
standards on Commission request; formal 

cooperation with ISO and IEC

National standards bodies; ISO/IEC 
alignment ranges from very high in South 

Africa to virtually absent in China
Maturity and 

evidence
Operational and legally in force; evaluation evidence 

available; revision ongoing (Digital Omnibus)
Mostly proposed, pilot, or early-stage; 
independent empirical evidence scarce

Main advantages Legal certainty, enforceability, mutual recognition Preserves sovereignty, flexibility, lower 
political threshold for cooperation

Main limitations Coordination and compliance costs, regulatory 
complexity, dependence on national implementation

Limited legal certainty, dependence on 
political consensus, uneven 

implementation, weak evidence base

The findings can be positioned relative to prior research along four lines. First, macro-
level studies of digitalization in BRICS and BRICS-T economies, including comparisons 
with EU countries, mainly link digital development to growth, trade, and sustainability 
and treat institutions as background context [8,9,13,14]. Our results are consistent with the 
catch-up logic of this literature: faster improvements in overall, business, and household 
digital adoption in BRICS are matched by BRICS+ economies and therefore cannot be 
attributed to BRICS cooperation. The additional contribution of this study is to show that a 
BRICS-specific advantage emerges only in digital government, where outcomes depend on 
interoperability among public organizations.

Second, research on the institutional determinants of digital transformation shows that 
its outcomes depend on institutional quality and on harmonization among institutional 
actors, rather than on technological readiness alone [32–34]. The sectorally uneven pattern 
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observed here aligns with this conditional view. The study identifies standardization as a 
concrete mechanism through which such coordination may occur.

Third, studies of interoperability in public administration report that digitalization 
without common standards preserves organizational fragmentation [15] and that national 
e-government policies alone do not secure organizational interoperability [18]. Meanwhile, 
evidence from the EU examines how national interoperability frameworks stimulate the 
use of digital public services [19]. These studies concern single-country cases or a supra-
national setting with enforceable rules. Our results suggest that interoperability-oriented 
standardization may also be associated with improvements in digital government where 
standards remain largely voluntary or soft-law instruments [48,49].

Fourth, legal studies of data sovereignty, data protection, and AI regulation in BRICS 
emphasize regulatory divergence [72–74]. Our qualitative evidence confirms this divergence 
(Section 4.2) but shows that BRICS members respond to it primarily through technical 
interoperability mechanisms, such as trusted data corridors, BRICS Pay, and federated 
learning [75–77,91], rather than through legal convergence.

The quantitative evidence should nevertheless be interpreted cautiously. The DiD 
specification uses 2015 as the beginning of coordinated BRICS digital cooperation, although 
several of the more advanced standardization initiatives identified in the qualitative analysis 
emerged or expanded only in subsequent years. In addition, the DAI comparison covers 
only 2014 and 2016, while the EGDI analysis contains a limited number of pre-intervention 
observations. Comparable measures of digital government and digital adoption are not 
consistently available for all countries and years, which substantially constrains the construc-
tion of a longer and more balanced panel. Expanding the country sample would therefore 
come at the cost of reducing temporal comparability or relying on indicators that are not 
sufficiently harmonized across countries. The selected sample was consequently designed to 
balance cross-country comparability with the availability of consistent observations over the 
study period. This data constraint is particularly relevant for the Difference-in-Differences 
analysis and limits the extent to which the estimated relationships can be generalized 
beyond the selected countries. Therefore, the estimated effects should be interpreted as 
evidence of an association with the early phase of institutional coordination rather than as 
a definitive estimate of the long-term causal effect of BRICS standardization.

The study has several theoretical implications. First, it extends institutional and 
transaction-cost accounts of digital transformation by treating digital standards as for-
mal institutions that operate through two complementary mechanisms: lowering the costs 
of inter-organizational exchange and overcoming coordination problems in network goods. 
The two mechanisms jointly predict where effects should appear, namely in sectors that 
depend on cross-organizational interaction, and the observed concentration of the BRICS 
advantage in digital government is consistent with this prediction. Because the mechanisms 
are not tested directly, this consistency should be interpreted as plausibility rather than 
proof. Second, the three patterns of standardization identified in the qualitative analysis 
(internationally aligned, selectively divergent, and autonomous) suggest that functional in-
teroperability can be pursued through different institutional routes. This qualifies the view 
that interoperability presupposes convergence on a single regulatory model and supports 
the argument that gateways and converters can substitute for full unification [56,57]. Third, 
for social informatics, the study shows that interoperability in digital ecosystems is better 
analyzed as a socio-technical and institutional outcome than as a purely technical property, 
and it extends the analysis from supranational settings such as the EU to coordination 
among sovereign states without a central authority.

From a policy perspective, the findings suggest that BRICS cooperation may gain more 
from interoperability-oriented standardization than from attempts to achieve full regulatory 
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convergence. Priority areas include interoperable digital identity systems, common API 
architectures, cybersecurity standards, shared principles for AI governance, and protocols 
for cross-border data exchange. Such arrangements could facilitate interaction between na-
tional digital ecosystems while preserving the institutional diversity and digital sovereignty 
of BRICS members.

Three further implications follow. First, the evidence suggests prioritizing initiatives 
that promote public-sector interoperability, since this is where the associated gains are 
strongest. Business and household digitalization depend more on market incentives, in-
come, and infrastructure. Therefore, standards in these areas need to be complemented by 
investment and connectivity policies. Second, since national standards portfolios differ sub-
stantially, a single common set of standards is less realistic than mechanisms for mapping, 
mutual recognition, and conformity assessment that link national standards with each other 
and with ISO/IEC. For new BRICS+ members displaying similar catch-up dynamics, partic-
ipating in these mechanisms may provide a more cost-effective way to connect their systems 
with existing members’. Third, firms and platform operators working across BRICS markets 
need systematic compliance mapping due to the diversity of standardization regimes.

Several directions for further research follow from these results and limitations. Longer 
panels, as further EGDI waves become available, would allow formal pre-trend tests and 
estimators that accommodate staggered or graduated treatment, as well as alternative 
intervention dates linked to later standardization initiatives. In addition, direct measures of 
interoperability, such as cross-referencing between national standards, network analysis 
of standards portfolios, or indicators of cross-border data exchange, would complement 
aggregate indices. Finally, in-depth case studies of data corridors, BRICS Pay, and federated 
learning, as well as extension of the analysis to BRICS+ members, would clarify how the 
mechanisms identified here work in practice.

6.  Conclusions
This study examined digital standardization as an institutional mechanism for de-

veloping interoperability within the heterogeneous digital ecosystem of BRICS. By com-
bining qualitative analysis of national standards with comparative statistical tests and a 
Difference-in-Differences (DiD) model, the study found that the relationship between 
standardization and digital transformation varies across sectors. The strongest evidence 
of a BRICS-specific advantage was observed in digital government, while improvements 
in business and household digital adoption were more consistent with broader processes 
of socioeconomic and technological convergence. The DiD estimates also indicated an 
additional improvement in e-government development following the intensification of 
BRICS digital cooperation after 2015, although this result should be interpreted in light of 
the study’s methodological limitations.

The principal novelty of this research lies in linking the analysis of national digital 
standardization with quantitative evidence on digital development to examine whether 
institutional coordination within BRICS is associated with measurable outcomes. Rather 
than treating standards solely as technical instruments, the study conceptualizes them as 
potential mechanisms of functional interoperability connecting heterogeneous national 
digital systems. This contribution is important because it shifts attention from the adoption 
of standards itself to the conditions under which standardization may support institutional 
coordination and digital government development.

Some elements of this approach may be relevant to other international digital ecosys-
tems operating across diverse national regulatory environments, such as ASEAN, whose 
member states differ in their approaches to cross-border data flows and digital trade regula-
tion, and the African Union, which promotes continental digital integration while relying 
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on implementation by its member states. In these contexts, shared technical protocols, inter-
operable digital infrastructures, cybersecurity standards, and mechanisms for institutional 
coordination may facilitate functional interoperability without requiring complete regula-
tory uniformity. However, the applicability of these principles depends on the institutional 
and legal context of each regional initiative, and their effectiveness should be assessed 
empirically rather than assumed. Functional interoperability can facilitate cross-border 
interaction without requiring complete regulatory harmonization, but it does not replace 
legal compliance. Technical compatibility must operate within applicable national and 
international legal frameworks, while the need for regulatory alignment depends on the 
relevant policy domain and legal obligations.

The findings therefore support the potential value of interoperability-oriented stan-
dardization as a coordination principle, rather than establishing the general effectiveness 
of particular BRICS initiatives beyond the cases examined. Longer observation periods, 
direct measures of interoperability, and comparative case studies of other international 
digital ecosystems are needed to assess the causal mechanisms involved and determine 
the conditions under which these approaches can be transferred. Such research would 
help distinguish the broadly applicable principles of functional interoperability from the 
institutional arrangements that depend on specific regulatory and political contexts.
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Appendix  A 

Table A1. Search protocol.

Country Database Date 
Accessed Search Keywords

The 
Number of 

Records

The Number of 
Records After 
Deduplication

Comments

Russia Rosstandart
25 

September 
2026

искусственный интеллект; 
интернет вещей; 
инфoрмaциoннaя 

безoпaснoсть; умный гoрoд; 
умный дoм; цифрoвaя 

прoмышленнoсть; цифрoвoй; 
инфoрмaциoннaя 

технoлoгия; интернет

267 250

Duplicate errors: 
15 numbers, 17 surplus 

rows (13 within a 
block, 2 across blocks)

Final sample: 
250 unique standards.

Brazil ABNT 
Catálogo

25 
September 

2026

inteligência artificial; 
internet das coisas; 

computação em nuvem; 
segurança cibernética; 
governo digital; cidade 

inteligente; governança de 
dados; identidade digital; 

infraestrutura digital; 
indústria digital; biometria; 

internet

132 127

5 repeated numbers 
(2 within a block, 
2 across blocks)
The dataset has 

12 thematic blocks; 
there are no separate 
blocks for the terms 

“governo digital” and 
“identidade digital”.

India BIS
26 

September 
2026

artificial intelligence; 
Internet of Things; big data; 

cloud computing; 
cybersecurity; 

digital/e-government; smart 
city; data governance; digital 

identity; digital 
infrastructure; biometrics; 

smart manufacturing; 
e-learning

322 322

No duplicates. The 
dataset has 8 blocks 

(no blocks for big data, 
e-government, smart 
city, data governance, 

digital identity). 
Publication year is 
given in a separate 

column of the 
source data.

China SAMR
27 

September 
2026

人工智能; 物联网; 大数据; 
云计算; 网络安全; 
数字政务/电子政务; 
智慧城市; 数据治理; 

数字身份; 数字基础设施; 
生物识别; 智能制造; 

电子学习

217 200

17 surplus rows in 
14 duplicate groups, of 

which 11 groups are 
“across blocks” (the 
standard belongs to 

several blocks at once): 
the rule for keeping or 
excluding them must 

be fixed. Standard 
titles in English are a 
working translation.

South 
Africa SABS

28 
September 

2026

artificial intelligence; 
Internet of Things; big data; 

cloud computing; 
cybersecurity; 

digital/e-government; smart 
city; data governance; digital 

identity; digital 
infrastructure; biometrics; 

smart manufacturing; 
e-learning

187 179

8 surplus rows in 
7 duplicate groups (all 
“across blocks”). Year 

is the year of the 
national SANS edition.

Total 1125 1078
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Table A2. Distribution of standards by country, topic and year.

Topic Before 2015 2015–2018 2019–2021 2022–2024 2025–2026 Total

Brazil

Biometrics 21 4 2 1 0 28
Artificial intelligence 0 0 0 6 1 7

Internet of Things (IoT) 0 0 3 5 4 12
Smart home 0 0 0 0 0 0
Smart City 0 0 2 2 0 4

Big data and Data governance 0 0 1 1 0 2
Cloud Computing and Data Centers 0 1 1 3 0 5

Smart manufacturing/digital industry 0 3 11 6 1 21
E-learning 0 0 0 0 0 0

Digital government/e-government 0 0 0 0 0 0
Cybersecurity/information security 

and cryptography 2 1 4 6 6 19

Digital infrastructure, internet 0 1 5 3 2 11
Information technology (general) 3 5 7 2 1 18

Total 26 15 36 35 15 127
Russia

Biometrics 4 6 3 2 4 19
Artificial intelligence 0 0 5 6 2 13

Internet of Things (IoT) 0 1 4 8 0 13
Smart home 1 0 0 14 8 23
Smart City 0 0 0 1 3 4

Big data and Data governance 4 0 3 0 0 7
Cloud Computing and Data Centers 0 4 4 2 0 10

Smart manufacturing/digital industry 0 0 2 27 21 50
E-learning 3 0 4 1 2 10

Digital government/e-government 0 0 0 0 0 0
Cybersecurity/information security 

and cryptography 12 4 19 3 0 38

Digital infrastructure, internet 6 1 1 0 0 8
Information technology (general) 21 11 11 8 4 55

Total 51 27 56 72 44 250
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Table A2. Cont.

Topic Before 2015 2015–2018 2019–2021 2022–2024 2025–2026 Total

India

Biometrics · 20 28 3 8 59
Artificial intelligence · · · 18 11 29

Internet of Things (IoT) · · 2 24 10 36
Smart home · · · · · 0
Smart City · · 1 1 · 2

Big data and Data governance · · 2 2 · 4
Cloud Computing and Data Centers · 1 7 8 9 25

Smart manufacturing/digital industry 2 · 4 · 1 7
E-learning 5 4 10 8 5 32

Digital government/e-government · · 2 · 5 7
Cybersecurity/information security 

and cryptography 2 23 38 31 12 106

Digital infrastructure, internet · · 10 2 3 15
Information technology (general) · · · · · 0

Total 9 48 104 97 64 322
China

Biometrics 0 0 0 7 2 9
Artificial intelligence 0 0 0 3 20 23

Internet of Things (IoT) 0 6 3 1 7 17
Smart home 0 1 3 0 5 9
Smart City 0 10 3 3 4 20

Big data and Data governance 0 5 8 6 0 19
Cloud Computing and Data Centers 4 13 3 6 1 27

Smart manufacturing/digital industry 0 2 14 9 0 25
E-learning 2 11 3 6 0 22

Digital government/e-government 0 0 1 1 5 7
Cybersecurity/information security 

and cryptography 0 4 8 5 1 18

Digital infrastructure, internet 0 0 0 0 3 3
Information technology (general) 0 0 0 0 1 1

Total 6 52 46 47 49 200
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Table A2. Cont.

Topic Before 2015 2015–2018 2019–2021 2022–2024 2025–2026 Total

South Africa

Biometrics 23 3 1 0 0 27
Artificial intelligence 0 0 0 1 9 10

Internet of Things (IoT) 0 2 3 8 1 14
Smart home 0 0 0 1 0 1
Smart City 0 2 5 9 0 16

Big data and Data governance 0 1 4 4 0 9
Cloud Computing and Data Centers 0 2 9 8 1 20

Smart manufacturing/digital industry 0 3 11 5 0 19
E-learning 0 2 7 4 0 13

Digital government/e-government 0 0 0 0 0 0
Cybersecurity/information security 

and cryptography 2 9 7 9 3 30

Digital infrastructure, internet 1 0 5 3 1 10
Information technology (general) 1 4 4 1 0 10

Total 27 28 56 53 15 179
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