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Abstract

Bodies such as ISO, IEC, ASTM, and ITU develop international standards
that help ensure interoperability, quality assurance, and similar rules across
various industries worldwide. So, since the world has many different rules,
technologies, cultures, and economies, these standards must be transformed
and made relevant for each context. The review examines the main theo-
ries, methods, and approaches used to transform international standards in
different countries. The review examines using comparative gap analysis,
Delphi expert consensus, and MCDA, as well as following guidelines such
as ISO/IEC Guide 21 and new approaches such as TRIZ. In healthcare,
information security, and civil engineering, examples of the issues and ways
international standards can be suitable for each sector are given. It high-
lights common issues, including rules, technologies, language, and resources.
It proposes solutions like national applicability matrices, involvement of
both the public and private sectors, capacity building, and ensuring open-
ness. Finally, it points out that emerging technologies like Al and SMART
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standards can help make standard conversion easy, effective, and fair. It pro-
vides a clear roadmap for policymakers, standardization bodies, and industry
stakeholders who want to bring global standardization goals in line with
what is possible locally and boost sustainable development, innovation, and
interoperability across the globe.

Keywords: International standards adaptation, standardization method-
ologies, applicability assessment, comparative gap analysis, SMART and
Al-driven standards.

1 Introduction

The International Organization for Standardization (ISO), the International
Electrotechnical Commission (IEC), ASTM International, and the Interna-
tional Telecommunication Union (ITU) create standards that support world
trade, the development of technology, and industries (Jayakar, 1998). They
make sure that goods, services, and information can be shared easily across
countries. Compatibility and consistency in international standards help to cut
down trade barriers, increase the reliability of services and goods, look after
consumers, and advance different industries by sparking innovation (Anand
et al., 2010).

With technology and digital change, there are greater needs for interna-
tional standards. Because of technological advances in Al, IoT, renewable
energy systems, and smart manufacturing, standards now need to be techni-
cally reliable and quick to respond to changes and new rules (Sahoo and Lo,
2022). The variabilities in regulations, infrastructure, culture, and markets in
different nations make it tricky to use international standards the same way
everywhere. For this reason, a reliable method is needed to modify standards
so they are suitable for each country or industry and do not lose their main
value (Clougherty, 2024).

The project focuses on solving these problems by developing and apply-
ing a method that checks how well international standards can be used
in different countries (Landoni and Corti, 2011). This approach assesses
compatibility, relevance, and influence standards before being changed or
adopted in various countries. Such an evaluation looks at technical compati-
bility, regulatory consistency, readiness of technology, economic benefits, and
acceptability by the community to decide if standards should be adopted as
is, changed to suit a country, or rewritten to share the same principles (Heires,
2008).



Evaluation and Application of International Standard Conversion 127

This review article seeks to provide a thorough overview of the theo-
ries, different methods, examples of use, and main difficulties connected to
converting international standards using a fitting approach. It looks at the
international guidelines for standardization and conversion, studies popular
evaluation methods such as gap analysis and multi-criteria decision-making,
investigates examples of sector-specific changes, and highlights future direc-
tions aided by advanced and smart standardization. Its main goal is to
provide advice that enables policymakers, standardization bodies, industry
players, and researchers to unite global and local standards, helping to pro-
mote sustainable development, more innovative ideas, and interoperability
worldwide.

2 Background and Conceptual Foundations

To use international standards in various countries, transformation or adap-
tation must ensure that the standards address each place’s specific local,
technical, economic, and cultural conditions. Unlike the simple idea of
direct adoption, transformation involves carefully adjusting standards’ con-
tent, structure, and approaches, so that they can be used and still meet their
important goals everywhere (Li et al., 2023).

2.1 Definition and Modalities of International Standard
Transformation

The transformation of standards into national ones can be grouped into three
main ways, each showing a different degree of modification.

* Equivalent adoption (identical adoption) refers to the immediate
adoption of an international standard with only slight changes. The
international standard’s original words, technical parts, and performance
criteria remain the same, and only the administrative details are changed.
Using an international standard without changes is possible when local
regulations, technology, and expectations are close to the standard’s
requirements (Vergara, 2018).

* Modified adoption (contextualized adaptation): Under this method,
specific clauses, terms, and procedures in the international standard are
changed to match the local environment. These changes ensure that local
laws, infrastructure, cultural aspects, or economy are considered without
changing what the standard is trying to accomplish. It helps to reconcile
global rules with unique local regulations and situations (Youn, 2015).
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* Non-equivalent adoption (principle-based reinterpretation): When
using this method, the key ideas and goals of the international standard
are preserved, but the standard’s details and structure are significantly
modified to match the needs of a different location. When big differences
exist in local infrastructure, regulations, or operations, wholesale copy-
ing of the international standard is often impossible, so non-equivalent
adoption is used (Wipulanusat and Sunkpho, 2013).

Standardization bodies, regulators, and industry stakeholders need to know
these modalities to decide on the strategy that suits their goals and environ-
ment.

2.2 The Critical Role of Applicability in Standard Transformation

Applicability is essential for effective standard transformation because it
ensures that a standard can be applied in a certain context without harming the
standard’s main purposes or safety. Assessing applicability is the first impor-
tant task in the transformation process, helping decision-makers determine
how a standard can be adapted for use in a certain context (Spichkova et al.,
2015).

Figure 1 summarizes three modalities of international standard trans-
formation — equivalent adoption, modified adoption, and non-equivalent
adoption — and their key characteristics.

Figure 1 indicates the heterogeneous channels of how standard transfor-
mations may occur at the global level, which includes cultural accommoda-
tion, regulatory conformity, and technological assimilation. The contribution
of each pathway to practices of global marketing tourism has been graphically
illustrated, whereby the arrow shows how the theoretical constructs can be
translated into a working practice in different regions. The complexity is due
to several factors that are connected.

* Regulatory divergence: Often, differences in rules and how they are
enforced from one country to another can lead to problems with fol-
lowing international standards. Therefore, there may be stricter rules on
safety, different environmental requirements, or different methods for
compliance, which need to be dealt with during transformation (Ernst
et al., 2013).

» Technological and infrastructure readiness: Some technical require-
ments cannot be applied without infrastructure, testing tools, trained
workers, and digital advancement. When a country or sector has limited
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Modalities of International Standard Transformation
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Figure 1 Overview of standard transformation modalities.

resources, it may struggle with standards that use modern technologies,

leading to changes in how the standards are adopted (Getachew et al.,

2022).

Socio-cultural norms and institutional practices: Cultural values,

how companies are run, and how stakeholders are involved can impact

the application and understanding of standards. For example, if a culture
is risk averse or managers are hierarchical, standards for quality assur-
ance or occupational health and safety are often applied less effectively

(Kumar et al., 2017).

* Economic feasibility and market dynamics: The need to spend on
certification, training, upgrades, and audits affects the ability of SMEs
and public sector organizations with limited money to follow a standard
(Toader, 2022).

By considering these factors, applicability assessments give a good picture of
how well a standard fits in a given situation, which helps decide whether it
should be adopted, adapted, or replaced.

Figure 2 illustrates the process of assessing the applicability of a standard
within a specific context, guiding decision-makers through key factors like
regulatory, technological, and socio-cultural dimensions.
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Figure 2 Applicability assessment framework.

2.3 The Imperative for Structured Evaluation and
Transformation Frameworks

Due to the complex nature of applicability, international standards must
be changed by following a well-designed, reliable, and repeatable process
(Moultrie et al., 2006). If there is no such framework, there is a risk that
standards will be applied on paper, or that their requirements will be too
hard to comply with and can slow down improvement and operation. A
good transformation framework merges technical, stakeholder, regulatory,
and economic assessments to help make fair decisions (Allaoui et al., 2019).

Also, with rapid technological advances, regulation shifts, and cross-
border interactions, the world has become complex and standard transfor-
mation frameworks must adapt to these changes. For this reason, integrated
approaches that use comparative analysis, expert opinions, and several
decision-making methods are essential for considering numerical and non-
numerical applicability (Khan and Rehman, 1999).

To sum up, the international standard transformation’s background and
conceptual basis show the importance of rigid and adaptable standards (Li
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et al., 2018). Embedding applicability as a key factor in international stan-
dards allows the transformation process to close the gap between standards
set by organizations and their use by local businesses.

3 International Rules Governing Standardization and
Transformation

The rules, protocols, and frameworks set by global organizations and agree-
ments are what define the architecture for international standardization
(Abbott and Snidal, 2001). Not only do these international rules manage the
making and sharing of standards, but they also support their adoption, adjust-
ment, and transformation in many national and regional areas. Understanding
these rules is necessary to understand how global objectives are handled in
different national and regional settings. To enable an easy transition between
the Background and Conceptual Foundations part and the International Rules
Governing Standardization, it is necessary to highlight the importance of
the theoretical provisions presented in the previous section as a basis of
the regulatory principles that guide the practice of standardization within
the global context. As an example, the theoretical framework of cultural
adaptation in the context of the artificial intelligence technologies can be used
to analyse how different international organizations and regulatory authorities
can impact the global adoption of generative Al in tourism marketing to
secure compliance between local requirements and international regulations.

3.1 International Standardization Bodies and Their Regulatory
Frameworks

ISO, IEC, ASTM International, and ITU are prominent organizations that
develop standards by following certain guidelines for their creation, verifica-
tion, and publication. They bring together people from industry, authorities,
universities, and consumers to ensure that their standards are sound, fair, and
accepted by many (O’Connor and Laporte, 2017).

* ISO/IEC: ISO and IEC collaborate to develop many standards, espe-
cially for information technology and electrotechnical sectors, by fol-
lowing the process outlined in the ISO/IEC directives. The ISO/IEC
Guide 21 suggests that national bodies can adopt international standards
in three ways according to their situation: identical, changed, or not
completely identical adoption (Hackos, 2016).
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* ASTM International: ASTM standards are created with strict protocols
to ensure they are both accurate and helpful.

* ITU: The standards for telecommunications and information exchange
from the ITU are approved through agreements that ensure they are
compatible across the world (Kafle et al., 2016).

These organizations ensure that every change they make to their standards is
reviewed and checked by all those who could be affected.

3.2 The WTO Technical Barriers to the Trade (TBT) Agreement
and their Implications

The TBT Agreement of the WTO says that member countries must use
international standards in their regulations only if they do not go against
local demands. The TBT Agreement points out the need for countries to be
transparent, not discriminate, and avoid making unfair differences between
themselves (Du, 2007).

At the same time, the TBT framework allows countries to enact standards
directed at consumer security, the environment, or national security. The TBT
Agreement aims to balance global standards with local ones. Even though
global harmony in standards is helpful for trade, each country can establish
unique standards when required by local needs, sometimes leading to the
need to change the standards (Ghodsi and Michatek, 2016).

When the TBT framework is applied well, detailed information, discus-
sions with relevant groups, and member notification must be provided, which
helps achieve predictability and trust in global standard development.

3.3 Modalities of International Standard Transformation Under
ISO/IEC Guide 21

This document highlights the procedures for national standard bodies to
use international standards. It outlines three primary ways of transform-
ing international standards into national standards — equivalent adoption
(IDT), modified adoption (MOD), and non-equivalent adoption (NEQ) — and
gives rules for documentation, reporting differences, and conformity checks
(O’Connor and Laporte, 2017).

* Equivalent adoption: Equivalent adoption is a situation whereby the
adoption of a new standard or technology is done in a uniform manner
in different cultural or national settings and no adjustment is made. To
give an example, the introduction of the ISO 9001 quality management
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system in most sectors of the world with only a few local modifications
can be used as an example of equivalent adoption. It requires the national
standard to be the same as the international standard to guarantee equiv-
alence in different countries. Equivalent adoption helps countries use
each other’s standards and fosters worldwide recognition, but it requires
their rules and regulations to be aligned (Vergara, 2018).

* Modified adoption: Modified adoption refers to a scenario where a
standard or technology is adopted but with slight adjustments to suit the
local cultural, economic or regulatory needs. An example of paradigm
shift is the compliance with the General Data Protection Regulation
(GDPR) requirements implemented by multinational corporations in the
European Union member states, where the data protection procedures
are adjusted to the country-specific requirements. They may change
terminology, units, or testing procedures as long as the basic standards
are not impacted. All modifications should be accurately described with
reasons for the changes, to ensure the new standard is based on the
original one (Youn, 2015).

* Non-equivalent adoption: Non-equivalent adoption is a situation when
the implementation of a technology or a standard is either altered
significantly or not adopted at all because of dramatic differences in
local situations. One such example is the implementation of artificial
intelligence technologies in different nations, where different regulatory
systems, infrastructure capacities, and cultural appropriateness create
disparate degrees of deployment. Adaptations may be significant and are
required because of major infrastructure, rules, or cultural differences.
Although this kind of adoption permits major changes to the standard’s
content, it might prevent countries from trading or sharing information
safely (Wipulanusat and Sunkpho, 2013).

Guide 21 also states that the new standard should include references to the
original version and that its changes should not block international trade or
safety.

3.4 Digital and SMART Standards: Evolving International Rules
in the Digital Era

Digital technologies have led to new standards in international standard-
ization, for example, SMART standards (specific, measurable, achievable,
relevant, time-bound) that are meant for machines, are easy to apply, and
are designed for today’s dynamic environments (Viardot et al., 2013).



134 Jia Li

International rules are being updated to reflect these developments, so that
standards work for hardware and software in digital environments.

ISO/IEC and ITU have brought new ways of developing digital standards
that require flexibility, up-to-date features, and connections with artificial
intelligence (Al) and Internet of Things (IoT). They aim to preserve the key
principles of transparency, consensus, and global application as they adapt to
new and fast-changing technology (Kwon et al., 2023).

3.5 Legal and Institutional Considerations in International
Standard Transformation

International rules, apart from procedural ones, include legal principles con-
cerning enforceability, intellectual property rights, liability, and conformity
assessment linked to standards. International and regional agreements often
interact with standardization rules to decide how national standards will be
created (Mattli, 2001).

Such institutions ensure that international standards fit each country’s
domestic laws and policies. In this case, National Annexes are used to make
changes to international standards, explaining how they should be applied
and referencing the main standards (Khamidovich, 2024).

Multiple institutions working together help ensure that international rules
for transforming standards do not obstruct market access, innovation spread,
or goals related to public welfare (David and Shurmer, 1996).

4 Evaluation Methods for Applicability-based Standard
Transformation

Comprehensive evaluation methods are required to make international stan-
dards suitable for different areas. These methods must thoroughly look into
technical, regulatory, economic, and socio-cultural aspects to judge if adopt-
ing or adapting standards fits the needs in a given region (Joo et al., 2023).
Due to the wide variety and complexity in different countries, evaluation
systems have come to use various approaches, involve stakeholders, and rely
on technology to help choose the right international standards (Xu, 2020).

4.1 Comparative Gap Analysis

Comparative gap analysis is one of the main approaches to spot and measure
the gaps between an international standard and other national, regional, or
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sectoral standards. This method involves a step-by-step review of every clause
or requirement to find differences in compliance, interoperability, or whether
the standard can be used (Vollmer et al., 2024).

Key dimensions assessed include:

* Structural disparities: Disparities in the standard’s structure, sequence,
and presence or absence of annexes.

* Semantic discrepancies: Differences in the words and meanings used
in the standards may change what the text is intended to mean.

* Technical and functional mismatches: Differences in requirements for
performance, tests, measurements, and acceptance levels.

Typically, the outputs are gap matrices or differential maps that mark the
areas needing review or modification. The analysis is used to choose the right
method of adoption (equivalent, modified, or non-equivalent). It helps ensure
the changes made are useful locally and do not cause many changes (Hey,
2017).

4.2 Delphi Method and Expert Consensus Techniques

It is often used in situations without much information or where people
have different and complex opinions. This method relies on SMEs answering
questionnaires anonymously, so the group can agree on the pros and cons of
adopting standards (Thangaratinam and Redman, 2005).

Among its characteristics are:

* Controlled feedback: The group receives feedback by seeing the
summary and they can then enhance their points of view using their
colleagues’ opinions.

* Anonymity: It makes sure that everyone’s views are considered equally,
so the process is fair and does not favor one person.

* Statistical aggregation: Summarizing the feedback and finding views
that are not in agreement helps determine what should be done next.

It is most helpful when it comes to examining links between regulations,
technology, and stakeholders, as well as deciding on standards (Shariff,
2015).

4.3 Quantitative Applicability Scoring Models

The use of quantitative scoring adds to qualitative data by using a process
to compare and rank standards based on defined criteria. They allow for
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grading standards using different criteria, which supports the choice of which
standards to improve.
Prominent techniques include:

* Multi-criteria decision analysis (MCDA): To use MCDA, experts or
stakeholders should select important criteria, say what their priorities
are, compare standards with them, and then use utility functions to com-
bine the results. The method allows policymakers and standardization
bodies to check how sensitive the results are if assumptions change
(Reddy et al., 2016).

* Analytic hierarchy process (AHP): AHP is a method that ranks criteria
hierarchically and compares them two at a time to come up with weights
for detailed prioritization.

* Fuzzy logic models: They manage uncertainties and vague feedback
from experts and the situation using fuzzy sets and membership func-
tions, which help make more reliable decisions (Mulubrhan et al.,
2014).

Policymakers and standardization organizations can use these models to
balance different objectives, such as technical requirements, feasibility, and
social impact, to optimize their standard selection and adaptation approach.

4.4 Stakeholder-based Participatory Evaluation

It is important to understand that standard transformation affects many
parts of society, so participatory evaluation includes various stakeholders.
The evaluation process considers numerous perspectives and challenges by
inviting all these groups to participate (Gilliam et al., 2002).

Techniques employed include:

* Structured interviews and focus groups: They conduct dialogues to
collect information about difficulties at work, what users think, and how
well they comply with the rules.

* Workshops and consensus-building forums: Forums are arranged for
people to discuss the findings from the evaluation, resolve conflicts, and
work together on solutions for changes.

* Public consultations and surveys: Including public viewpoints and
experiences helps maintain legitimacy and acceptance of the changes
made in healthcare, environmental management, and data privacy areas.

Figure 3 depicts the interactions among key stakeholders involved in standard
transformation — standardization bodies, regulators, industry, end-users — and
the decision-making processes.
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Figure 3 Stakeholder and process interaction map.

The key stakeholders help ensure democracy, social awareness, and inclu-
sivity in the financial, environmental, and health sectors (Rey and Fortin,
2023).

4.5 Integration of Digital Decision-s upport Tools

Thanks to advancements in technology, more digital platforms and tools
make it easier and faster to evaluate the applicability of rules. Blending
data management, algorithms, and collaboration helps improve efficiency,
transparency, and traceability (Huang et al., 2024).

Examples include:

* Decision support systems (DSS): Applications that help evaluate
applicability using MCDA algorithms, gap analysis, and stakeholder
feedback input.

* Automated gap detection tools: These tools rely on NLP and machine
learning to find differences in standard documents, making the process
more accurate and reducing the effort needed by people (Hawari et al.,
2018).

* Online collaboration platforms: Stakeholders can participate in evalua-
tion activities, review documents, and build agreements even if they are
not present simultaneously.
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Digital tools make the process more accurate and up-to-date, able to meet
new regulations, technology, and market changes (Yacob et al., 2024).

5 Applicability Frameworks and Conversion Models

To make international standards suitable for local use, it is necessary to
use strong evaluation techniques and have well-structured frameworks and
models for guiding the adaptation and conversion (Yang et al., 2021). They
ensure all changes are tracked and provide a way to easily justify why certain
standards were adopted. By ensuring standards are useful in global and
local situations, applicability frameworks support those who need to adapt
standards for use in their regions (Davey, 2001).

5.1 ISO/IEC Guide 21: Structured Adoption of International
Standards

ISO/IEC Guide 21 describes the primary framework for helping national
standards bodies adopt and alter international standards. ISO/IEC Guide 21
points out that the exact reproduction of international standards may not work
in every context, and it recommends three main adoption methods, all with
detailed steps and guidelines (O’Connor and Laporte, 2017).

* Identical adoption (IDT): Adopting national standards involves keep-
ing all technical details and normative clauses unchanged. Administra-
tive changes involving national forewords or prefixes to the international
standard are permitted. The standards are adopted as written to ensure
interoperability and mutual recognition, but they work well only if the
country’s rules and regulations are similar (Li et al., 2023).

* Modified adoption (MOD): Permits the update of specific clauses,
terms, or references in the international standard to suit local regulations,
units, or how things are done. Such modifications need to be described
in detail with clear reasons explaining why they are being made and to
prove that the outcome is the same.

* Non-equivalent adoption (NEQ): This approach requires re-
interpreting or restructuring the international standard, usually because
of significant regulatory differences, technology problems, or cultural
reasons. While the basic principles and main objectives are kept, the
technical and procedural parts can be changed in necessary ways
(Frommelt, 2024).
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It underlines the need to keep records of the original international standards
and ensures open reports of any differences made, to assist in traceability
and international scrutiny. It encourages a structured and accountable way to
adapt international standards.

5.2 TRIZ-based Innovation Framework for Problem Solving in
Standard Adaptation

Genrich Altshuller first developed TRIZ as the Theory of Inventive Problem
Solving, which gives a step-by-step process for resolving problems and
sparking new ideas in engineering design. Increasingly, TRIZ tools are being
used in standard transformation, especially for standards with challenging
technical and operational issues (Ghane et al., 2024).

TRIZ allows stakeholders to do several things, for instance:

* Identify contradictions: As an illustration, a standard’s performance
requirement might go against local infrastructures or conflict with
environmental regulations.

» Apply inventive principles: TRIZ includes inventive principles, contra-
diction matrices, and modeling tools that help develop new solutions to
resolve conflicting requirements.

* Systematically derive adaptations: TRIZ makes it possible for stake-
holders to find solutions that ensure standards are still followed, even
with challenges caused by local situations.

The use of TRIZ in standard transformation helps ensure standards keep up
with changes in the technical environment (Shao et al., 2022).

5.3 Multi-criteria Decision Analysis (MCDA): Quantitative
Framework for Prioritization and Decision Support

MCDA presents several methods that help with problems that involve several
conflicting criteria. MCDA is used in international standards to provide a
structured and fair way to rate and choose adaptation options (Abu Dabous
et al., 2020).

Key features of MCDA include:

* Criteria definition and weighting: Experts or stakeholders help in
deciding which criteria are suitable and what role each one plays; the
criteria are then assigned different weights (Zhang and Balakrishnan,
2021).
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* Scoring and aggregation: Each alternative is evaluated using the cho-
sen criteria, and the collected data are then put together using different
functions to calculate an applicability score (Barfod et al., 2011).

* Sensitivity and robustness analysis: Looking into how sensitive the
outcomes are to changes in criteria weights and scoring is important, as
it helps handle risks and secure strong decisions.

If MCDA is used for standardization, one of the common methods is the
analytic hierarchy process (AHP) for comparing and structuring standards,
the technique for order preference by similarity to ideal solution (TOPSIS) for
ranking possibilities, and fuzzy MCDA for handling the unclear information
given by experts (Garattini and Padula, 2017).

In practice, multi-criteria decision analysis (MCDA) methods can also
be used in order to rank decision variables within more complex situa-
tions involving multi-ETU, often contradicting, criteria. Indicatively, new
standards are being implemented in the tourism industry, so besides cost
and cultural suitability, policy makers are required to consider technical
preparedness, technological suitability and regulations. The criteria tend to
be discordant; a socially accepted solution, e.g., can be more expensive or
technologically difficult. The use of MCDA allows assigning relative weight
to the criteria based on their relative importance, as well as using a scoring
mechanism to determine the most balanced solution.

Using MCDA, policymakers can make fair, well-justified, and balanced
decisions when working with many criteria in standard transformation.

5.4 Synergistic Application of Frameworks: Toward Integrated
Transformation Models

Guidelines in ISO/IEC Guide 21, TRIZ, and MCDA problem-solving and
decision approaches comprise the core of successful international standard
transformation. Using these frameworks together makes standard transfor-
mation approaches more flexible and reliable (Shao et al., 2022).

* Guide 21 outlines official ways of adopting standards and ensures they
are followed step by step.

* Using TRIZ, the transformation process can address challenges and find
new ways to maintain the integrity of the standard.

* MCDA compares different ways to adapt standards based on several
criteria, helping with clear and informed decisions.

Using such models allows for flexible and suitable standard transformations
to meet changes in laws, technological advancements, and what stakeholders
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want. Such models improve how people trace and verify the work done
and reach agreements, essential for the legitimacy and lasting success of
converting international standards (Balahurovska, 2023).

Table 1 gives a summary to help clarify and assess the various evaluation
methods and areas where they are used. It pulls together the important aspects
of the methodologies, their uses in different areas, and the linked difficulties
and recommendations for effective change. The table shows how the various
approaches help evaluate international standards in different sectors and rules.

6 Sectoral Applications of International Standard
Conversion

Turning international standards into local or regional frameworks differs for
every sector since each has regulations, technologies, potential risks, and
social and economic conditions (Brusca and Martinez, 2016). It is necessary
to apply a tailored approach that meets the needs of each sector and still
preserves the main principles of international standards. In this section, we
discuss important sectors where applicability-based standard transformation
has been widely studied and applied, highlighting the process’s difficulties,
methods, and results (Nguyen et al., 2019).

6.1 Healthcare and Medical Devices

Healthcare, specifically relating to medical devices, points to the high risks
and difficulties in using international standards globally. ISO 13485:2016, an
international standard, guarantees that medical devices are safe, perform as
intended, and are in compliance with the law globally. Still, because there are
many different rules in different countries, it is necessary to review standards
carefully (Coronato, 2018).

* Regulatory heterogeneity: In the European Union, the Medical Device
Regulation (MDR 2017/745) imposes stringent requirements on medical
device safety, clinical evaluation, post-market surveillance, and con-
formity assessment, which differ from regulatory frameworks in other
jurisdictions.

* Transformation modalities: Countries often implement ISO 13485
with additional rules to agree with their local regulations. Extensive
analyses, reviews of risks, and talks with stakeholders are needed to
ensure that the rules are met and can be used effectively (Sharma and
Luthra, 2023).
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* Global harmonization efforts: Programs such as the Medical Device
Single Audit Program (MDSAP) work to unify QMS auditing processes
internationally (for instance, in the USA, Canada, Australia, Brazil, and
Japan) to ensure common acceptance and less repetition (Jadhav and
Shendge, 2024).

The conceptual and illustrative case study assesses the ability of the cur-
rent EHR standards and related structures to handle the heterogeneous data
created by the intelligent systems in healthcare. It evaluates those criteria
against the backdrop of portability, scalability and interoperability, including
structured (EHRs) and unstructured data. These findings have shown that
despite the effectiveness of current EHR systems to handle structured data,
there is still a desperate requirement of integrating models that can handle
unstructured data, and the formulation of a robust ontology that can help
smooth data storage in the dynamic environment of smart healthcare.

Applicability evaluation is critical in this sector because small changes
or wrong adoption can directly influence patient safety, access to the market,
and regulation.

6.2 Information Security and Cybersecurity

Nowadays, with so much happening digitally, information security is an
important area where international standards must be updated in both tech-
nical and legal ways. An Information Security Management System (ISMS),
defined by ISO/IEC 27001:2022, is meant to preserve information assets’
confidentiality, integrity, and availability (Kurii and Opirskyy, 2023).

* Legal and regulatory divergence: Laws such as the GDPR in Europe,
HIPAA in the US, and Asia

* Transformation challenges: Organizations usually make changes to
ISO/IEC 27001 by including new policies, audits, or technologies to
be compliant with local regulations. An example of this is that GDPR
requires organizations to create special policies covering subject rights
and reporting of data breaches (Nahai, 2018).

* Methodological approaches: To ensure compliance with local laws,
organizations often adapt ISO/IEC 27001 by using modified adoption,
detailed crosswalks, and identifying the differences between laws. To
maintain trust and resilience in the digital world, organizations should
consult with legal experts, IT teams, and regulators about understanding
the standards in their area (Kitsios et al., 2023).
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» Impact on interoperability: Keeping trust and resilience in the global
digital environment requires organizations to follow local laws and still
be able to interact with other systems.

When dealing with high-technological industries, standardization is one of
the most prominent aspects of competition. This can be most clearly seen
in modular markets (which are characterized by the existence of modular
architectures) and in network markets, where the preference of users is on the
acquisitions of other users compatible with those. The establishment of stan-
dards can be brought about through diverse processes; sometimes there are
fierce debates around standardization, and at other times disputants are able
to agree on a similar standard before the technology is launched to the market.
The present paper will attempt to provide an interpretative framework of the
standardization process and corroborate the given framework by conducting
a detailed review of two case studies in a typical network market (the multi-
media industry): the Modem56 k and the Information Appliances-enhanced
Television.

The two case studies present empirical evidence regarding the course of
standardization and reinforce the rising role of supra-parliamentary organi-
zations, that is, standard development organizations, in seeking to balance
different interests and technologies to impose a single standard in the market
(Chiesa et al., 2002).

6.3 Construction and Civil Engineering

The construction and civil engineering sector focuses on how different the
land, weather, and customs are in each place and tries to take them into
account when building things. The Eurocodes (EN 1990 to EN 1999) help
check how safe, strong, and long-lasting buildings need to be in every country
in Europe (Gulvanessian and Driscoll, 2001).

* Environmental and geographical considerations: To work well, con-
struction and civil engineering projects need to take into account things
like local earthquakes, weather, and the type of ground where they’re
built, because these can be different depending on where they are
(Garcia-Alvarado et al., 2022).

* National annexes and adaptation: Many countries add national
annexes to the Eurocodes, and these lists show what safety levels, mixes
of loads, and common materials each country needs for their buildings
(Lesnikowski et al., 2015).
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* Material and technological variability: Because materials and tech-
niques are not the same everywhere, the design rules need to be changed
to fit what’s usual in each place.

* Integration with sustainability frameworks: Increasingly, standards
are updated to include sustainability through LEED and BREEAM,
helping to ensure construction is environmentally friendly and safe
(Awadh, 2017).

* Digital innovations: Building information modeling (BIM) allows
standard transformation to be smoothly integrated into design work,
allowing real-time checking and shared effort among individuals in
different fields (Ghaffarianhoseini et al., 2017).

An international collaboration system (ICS) application capability measure-
ment scale is developed using five dimensions of knowledge learning, talent
assurance, technical support, relationship management and organizational
support. Using a structural equation model (SEM) to mediate the relationship
between project performance and the survey data, the paper uses 174 survey
data of Chinese contractors working on international projects. The results
prove that relationship management and technical support have direct impact
on competitiveness, but the effect of talent assurance and organizational
support at competitiveness is indirect through the version of project perfor-
mance. The presented case study highlights the importance of ICS application
capability and offers suggestions that can be used by contractors to enhance
their competitiveness strategy (Ma et al., 2020).

This sector demonstrates that standard transformation must match global
standards with each region’s unique needs and rules to maintain safety and
sustainability (Oliveira, 2014).

6.4 Additional Sectoral Examples

In domains other than these, transformation of international standards is very
important, for example:

* Energy and utilities: International standards for energy management,
such as ISO 50001, are modified for local use to support energy saving
and lowering emissions (Ant6nio da Silva Gongalves and Mil-Homens
dos Santos, 2019).

* Food safety and agriculture: Codex Alimentarius standards are modified
in each country to harmonize food safety with what people eat, the
farms, and the climate in that region (Lee et al., 2021).
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* Manufacturing and industrial processes: These sectors mean that
standards for safety, the environment, and product quality must be
tailored to match local rules and the technology available.

Each sector points out that it is necessary to carefully check and adapt stan-
dards, ensuring they work for compliance and day-to-day activities (Prasetya
et al., 2021).

7 Challenges in the Evaluation and Conversion of
International Standards

Technical, legal, organizational, and socio-economic barriers exist to con-
vert international standards for use in other countries. Not dealing with the
assocciated problems can cause the transformation process to fail, resulting
in inefficient and divided implementation (Hutsalenko and Marchuk, 2019).

Figure 4 compares sectoral challenges (healthcare, civil engineering,
information security) and corresponding adaptation strategies.

Barriers Recommendations

&

4

Policy

Regliatory Reforms

Technological Capacity
Building

Semantic
Transparency

Resource
Related

Figure 4 Sector-specific adaptation challenges and strategies.
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7.1 Regulatory Conflicts and Legal Incompatibilities

A big issue occurs when laws are different at national and international levels,
as international standards are not required by law. Local authorities may
pass stricter laws on safety or the environment, especially where there is
more than one level of government (Abbott and Snidal, 2001). It also takes
time to align international standards with national rules when laws are not
passed quickly or when there are disagreements among different agencies.
Improving coordination between agencies and doing legal gap analyses helps
ensure international standards are suitable for the country (Harasymiv, 2023).

7.2 Technological Gaps and Infrastructure Limitations

A proper infrastructure, tools for measurement, and trained people to
follow international standards is required. Because of a lack of technol-
ogy, suitable testing, and qualified professionals, low- and middle-income
countries (LMICs) are unable to use international standards. Developing
capacity-building, infrastructure, and technology transfer, and strengthening
public-private partnerships is key to resolving the problems (Malik et al.,
2024).

7.3 Interpretation Differences and Semantic Ambiguities

Because international standards are often written in broad and general
language, their interpretation may vary across jurisdictions depending on
linguistic, cultural, and operational contexts. Differences in terminology,
language, and local practices can lead to inconsistent understanding of the
same standard. These issues can be addressed through the use of explanatory
guidelines, targeted textual clarifications, country-specific notes, and struc-
tured training programs to ensure consistent interpretation and application
across different settings (Hirst, 1988; Vergara, 2018).

7.4 Resource Constraints in Implementation and Evaluation

Small and medium enterprises (SMEs), developing countries, and non-profit
sectors must use more resources when they convert standards. Helping SMEs,
developing countries, and non-profit sectors with costs and training can
address these problems. Sharing knowledge and collaborating with other
countries helps deal with these challenges (Parker, 1999).
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7.5 Coordination and Stakeholder Engagement Challenges

For standards to be transformed efficiently, regulators, industry represen-
tatives, and civil society groups must cooperate. The process can become
difficult, with conflicting priorities, communication barriers and fragmented
governance. Overcoming these issues, ensuring the standards are accepted
by many, and making them legitimate is possible using transparent, par-
ticipatory governance and digital collaboration platforms (Mitchell et al.,
2020).

8 Recommendations and Best Practice for Effective
Standard Conversion

To convert standards effectively, offering strategic, evidence-based advice
that links global needs with local actions is necessary. It outlines the best
practices for increasing the conversion process’s efficiency, inclusiveness, and
sustainability (Ali and Haapasalo, 2023).

With emergent technologies, such as artificial intelligence (AI) and
SMART standards, it is necessary to explore their configuration within the
current standardization frameworks. Such integration is salient in the tourism
industry context, where the concept of Al could enhance the personaliza-
tion of the consumer experience through the use of real-time information
analytics, and SMART standards could create an environment of effective,
efficient, and sustainable management of tourist operations. However, there
are challenges, including regulatory restriction and infrastructural challenge
that have to be overcome to make extensive use of these technologies in the
tourism marketing in the world.

8.1 Develop National Applicability Matrices (NAMs)

NAMs compare international standards with local rules, facilities, and
societal conditions (Parish et al., 2020). They facilitate:

* A clear assessment of differences between standards and existing rules
is made.

* They can be altered as laws and technology evolve.

* NAMs allow different industries to work closely by supplying the same
information.

* NAMs provide a way to easily prioritize and decide how to allocate
resources for adopting standards.
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8.2 Promote Public-Private Partnerships (PPPs)

PPPs bring together resources and skills from government, industry, the
academy, and international groups (Sadeghi et al., 2016). Key benefits
include:

* Corporate, government, academic, and international bodies work
together in PPPs.

* Both the government and industry provide funding for developing
capabilities and facilities.

» Sharing knowledge and innovation can create adaptive changes.

* Well-structured and managed PPPs can enhance the capability to set
standards nationally.

8.3 Train Professionals in International Standardization
Methodologies

Training initiatives are very important to maintain change in standards
(Zaitseva et al., 2017). Effective training should include:

* Training modules should address the needs of people from both the
industry and the government.

* Part of the training should include standardization principles in aca-
demic courses.

* Learning should be on digital platforms to make it convenient for many
people.

* By training, industry players and policymakers gain knowledge of
MCDA, Delphi, and gap analysis, which helps maintain proper proce-
dures.

8.4 Foster Transparency and Documentation in Evaluation
Processes

Being transparent guarantees the credibility of converting a standard (Tavares,
2024). Best practices include:

» Conversion dossiers open to the public containing information on gaps
and stakeholders’ thoughts.

* Audit trails to keep the process accountable and help it improve
gradually.

* Audit records allowing for the review and improvement of standards
conversion.
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* Digital archiving allows sharing information across different locations
and reduces the risk of repeating work.

8.5 Leverage Emerging Technologies for Dynamic and Adaptive
Transformation

Al machine learning, and natural language processing have the potential to
change the process of converting standards (Lakshmi et al., 2019):

* Automating steps to identify the difference between current standards
and desired ones.

* Showing the possible effects of adaptations on the economy, the envi-
ronment, and society.

* Al can be used to aid in engaging stakeholders during the standardiza-
tion process.

* Using Al to assist in engaging stakeholders during standardization.

Standardization ecosystems need to pay attention to data management and
technology tools to use these new technologies successfully.

Figure 5 visualizes how emerging digital technologies (Al, IoT, SMART
standards) integrate into the standardization process and enable applicability
assessment.

These recommendations allow standardization ecosystems to improve
their standard transformation, making it sustainable and relevant, and helping
to create more innovation globally (Shaikh, 2024).

SMART
[ Al ][STANDARD) loT

ADAPTIVE
STANDARD

APPLICABILITY
ASSESSMENT

CONTINUOUS / REAL-TIME
IMPROVEMENT _ (  APPLICABILITY
ASSESSMENT

Figure 5 Digital transformation of standardization.
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9 Conclusion

When based on applicability-based evaluation, converting international stan-
dards is essential for bringing together the standards’ universal aims and
the particular needs of places where they are used. This review proves that
a successful transformation goes beyond technical changes and involves
improving laws, building institutions, and teaming up with stakeholders.
Using gap analysis, Delphi consensus, and MCDA in ISO/IEC Guide 21
allows for reliable and formal ways to make changes. It is evident from case
studies that different sectors require unique approaches suited to differences
in regulations, readiness of infrastructure, and culture. Addressing such issues
as conflict between regulations, weak technology, variations in terms, and
lack of resources calls for national applicability matrices, public-private
teams, training, and clear governance. Also, Al-based evaluation tools and
SMART standards have created new and better chances to increase the speed
and accuracy of adapting standards. In short, by linking global standards
to local factors, stakeholders can benefit from international standards to
boost innovation, guarantee compliance, and support fair and sustainable
development everywhere.

In summary, the methodological contribution outlined in this paper,
namely, comparative gap analysis and MCDA, is a flexible model of explain-
ing the dynamics of standard transformations within heterogeneous geopolit-
ical and economic environments. Implementing these tools on a macro level
will make sure that Al technologies are integrated in a way that will allow
policymakers and marketers in the tourism sector to embrace cultural hetero-
geneity without rejecting ethical and transparent business practices. Visionary
studies could investigate the localization of these systems to specific regions
or sectors and hence guide the formulation of Al policies and ethical norms
in world systems.
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