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Abstract: Innovativeness is a characteristic of digital technologies (DT), and they have been assuming
an important role in economic, social, and environmental dimensions. Therefore, DT are relevant
contributors for sustainable development goal (SDG) achievements. This study aims to compare the
preference for artificial intelligence-driven digital technologies (AI-Driven DT) to achieve SDGs in
Brazil and Portugal. An independent sample ¢-test analysis and Levene test are performed to identify
potential artificial intelligence-driven digital technologies (AI-Driven DT) as favorable facilitators
for SDG achievements in Brazil and Portugal. Based on the findings, a broader analysis is provided,
to (i) indicate potential favorable SDGs, (ii) discuss differences between the countries in AI-Driven
DT preferences in each SDG, and (iii) make recommendations for potential technologies that could
receive more attention and investments in both regions to make emergent digital technologies
succeed, with a particular emphasis on cleaner production. The analysis is organized into three
dimensions: economic, social, and environment. At the end, a closing discussion is provided about
the key guidelines and prospects that could be adopted to keep a strong and positive shift of Al-
Driven DT developments and applications towards fully supporting the attainment of the SDG of
United Nations Organization (ONU) Agenda 2030.

Keywords: digital technologies; sustainable development goals; artificial intelligence; emergent
digital technologies

1. Introduction

Artificial Intelligence-Driven (AI-Driven) digital technologies (DT) are intrinsically
connected to interact, perceive, and understand people, businesses, economies, and lives in
general [1]. The term Artificial Intelligence (AI) can be understood as a general combination
and integration of applications with other “DTs” to create machines capable of thinking like
humans [1-3]. Al-Driven DT economic and societal impacts increase on a continuous basis
and more recently they are assuming an important role in the Sustainable Development
Goals (SDG) Agenda 2030 [4], and their implementations are a considerable decision for
developed and developing countries. In turn, Brazil and Portugal have been elected in this
research to display their view on Al-driven DT on SDG achievements, contradicting their
perspectives in this field.

As we enter into the age of sustainable development [5], in which the 17 SDGs (dis-
cussed in Section 2) are guiding nations of the world, Artificial Intelligence (AI) and digital
technologies (DT)—such as digital twins, blockchain, virtual and augmented reality, and
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big data, among others—create a high expectation in enhancing economic, environment,
and societal levels in global transformation to attend to SDGs [1]. Some priorities or key
elements are pointed out by Palomares et al. (2021) to have optimal results and impacts
on Al usage on the SDGs, such as (i) Al-driven DT fueled by universally accessible and
reliable data; (ii) strengthen science-industry—government dialogue for technology and
knowledge transferring; (iii) adapt and coordinate action plans in each country and context;
(iv) alternative standards for facilitating the evaluation of SDG attainment; and (v) lessons
learnt since the pandemic [1].

Numerous studies also identified advantages in economic and environmental evalua-
tion by an Al-Driven DT application, leveraging cleaner production—mainly in industry
segments [6—9]—for more productive processes; less toxic and more biodegradable prod-
ucts; and increased efficiency of raw materials, water, and energy, aiming at non-generation,
reduction, or recycling of waste [7]. According to Oliveira Neto et al. [7], the environmen-
tal advantages from the adoption of cleaner production are concentrated and indirectly
related to Industry, Innovation, and Infrastructure (SDG 9); Responsible Production and
Consumption (SDG 12); and protection of Life on Land (SDG 15).

Due to a roller coaster of Al-driven DT success and failure in a consistent pattern over
Al history [2,10,11], many countries pursue different strategies to reach SDG incorporating
technologies in various forms through experimentation, public policies, triple helix, joint-
ventures, global alliances, or SDG technological programs. Specialized professionals are
involved in many of these initiatives to figure out solutions to apply Al-driven DT with
a lower-cost impact to overcome country boundaries. In this vein, this study aims to
compare the preference for artificial intelligence-driven digital technologies (Al-Driven
DT) to achieve SDGs in Brazil and Portugal.

This study points out a ranking of preferable Al-Driven DT for the different SDGs
in these two countries—Brazil and Portugal-—conducting a public survey describing and
classifying a set of technologies recommended for each SDG. The respondents are experts,
executives involved in sustainability, and interested people who classified some Al-driven
DT considered the most appropriate to reach SDG goals.

A final analysis is performed for each SDG along with preferred Al-Driven DT compar-
ing similarities and discrepancies between these countries, with special attention on SDG
9,12, and 15, which are related to cleaner production. Brazil and Portugal have different
preferences in terms of SDG priorities and Al-Driven DT, with the former prioritizing DT
that supports education aspects and the latter prioritizing those that support small and
medium companies.

The paper is organized as follows: Section 2 describes contributions and barriers in
Al-driven DT usage on each SDG and a panorama of SDGs in Brazil and Portugal. Section 3
presents the methodological approach applied in the analysis of data gathering. Section 4
shows findings for each one of the SDGs and some highlights about similarities and
discrepancies between countries on their Al-driven DT favorability. Section 5 introduces a
discussion of findings, presenting some lessons learnt for potential technologies that could
receive more attention and investments in both regions to become emergent Al-Driven DTs
that succeed. At the end, Section 6, conclusions are summarized.

2. AI-Driven DTs and Sustainable Development Goals

In this section, we introduce a brief description of Al-Driven DT into the 17 SDGs
proposed by the United Nations Agenda 2030 [4] under three dimension perspectives [1,3]
and their contributions and barriers to attain the different aspects of each SDG. In a
sequence, we present a panorama of Brazil and Portugal and their efforts to achieve SDGs.

2.1. Contributions and Barriers of AI-Driven DT on SDG

The Al definition [12], from a pragmatic stand point, was presented by some authors
as a computational natural language process capable of communicating with human beings
through visual information, reasonable knowledge representation for decision-making,
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mind-thinking automated to process knowledge stored, and machine learning to extract
common patterns from the available information. However, Al itself is not enough because
it depends on data flow to learn and demands from other DTs for proper performance.

Therefore, Al-driven DT also faces challenges related to fairness, accountability, trans-
parency, and ethics (FATE) for a reliable development, and the aim is to provide robustness
to systems to avoid damages, lawfulness required by regulations and laws, and ethicalness
to respect freedom, dignity, equality, citizen-rights, or non-discrimination principles [3,13].

Many of these are Al systems connected with DTs. Then, we briefly point out some of
those that are used as DTs in the questionnaire applied in this study: Internet of Things
(IoT), Blockchain, Augmented Reality, Virtual Reality, Digital Twin, 5G Communication
Infrastructure, Big Data, and Recommender and Information Systems.

The wealthiness of alternatives to solving problems through AI-Driven DTs may
support countries in reaching SDGs rapidly; however, they may result in inequalities due
to the restriction of educational and computing resources throughout the world—mainly
in developing countries, among other challenges. Additionally, a wide range of DTs are
being developed that affect individuals lives, as well as impact economic, environmental,
and societal aspects, requiring piloting new approaches and procedures from governments
on the purpose of achieving SDGs [14].

Contributions and barriers for Al-driven DT are evidenced by some authors in the
literature [1-3,14]; thus, we present in Table 1 a summary of the Al-Driven DT analysis
based on the categorization among the SDGs, presented by Palomares et al. [1], relating
to economy, environmental, and societal aspects. We highlight the economic dimension
as sustainability and individual welfare concentration at an economic level, considering
the welfare itself and prosperity; at the environmental dimension, safeguarding and pre-
serving the environment, as well as the sustainable management of resources; at the social
dimension, a sustainable development regarding welfare, prosperity at the community
level, and equality are considered [14,15].

Table 1. Brief contributions and barriers of Al-Driven DT usage on SDGs.

SDG Contributions Barriers
Economic Dimension
Data providing a deep learning process Dependence on other nations if no
SDGI. P §aceep 5P pathways for Al breakthroughs are
in a domestic income predictor, . I . . .
No Poverty L. . identified nationwide. Al-driven
determining appropriate thresholds of .
[1,16,17] . e automation could affect
poverty and its classification. low-salary labor workforce.
SDG2. Gathermg socio-economic and . Sharing big data to foster intelligent
Zero demographic information to predict . . .
) . farming practices may be subject to the
Hungry famine or demand after disasters or crop L
- appropriation and abuse of such data.
[1,18] diseases and plagues.
SDG3. . .. . . Ethical dilemmas about the culpability in
Using predictive machine learning for .
Health & . . . , fatal outcomes with Al usage or an
. various medical prognosis and experts - 1 G .
wellbeing . - o s excessive loss of human skills in medical
judgement in advances in biomedicine. .
[1,3,19] or surgical procedures.
Efficient transportation and flexible Non-regulated AI deployment in
SDGS8. working through smart cities, external business contexts and workers
Work & outsourcing, and digital labor, creating replacements by robots or algorithms in
economic growth employment or anticipating job accidents developing countries are increasing
[1,20] in risk contexts using inequalities; or psychological risks from

ambient intelligence.

remote working are rising.
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Table 1. Cont.

SDG

Contributions

Barriers

SDG9.
Industry,
Innovation & Infrastructure
[21]

Sustainable smart factories and inclusive
innovation for developing regions.
Supporting of SMEs and startups
anywhere. Detection of anomalies and
maintenance facilitation from remote
computational vision and models.

Lack of scientific standards for some DT
(i.e., Digital 3D and Digital Twins), lack of
integrated data platforms hampers
intelligent systems. Governments and
companies’ reluctance to openly report
pollutant emissions to build Al prediction
and warning systems.

Social Dimension

SDG 11.
Cities &
Communities
[1,20-22]

Technologies that monitor and predict
new systems building, technologies to
optimize essential cities” supplies, or that
preserve heritage and nature facilitating
citizen lives.

Few citizen-centered initiatives, human
behavior is unpredictable to be a data
source, barriers from public and private
institutions to achieve data
interoperability.

SDG 16. Peace, justice & institutions
[1,23]

Better decision-making processes based
on data crime in real-time, crime
prediction or crime diagnosis at little
costs, and justice accessibility through
higher community coverage.

Diversity compromised by globalized
views, wrong usage of technologies
aggravating security breaches, intentional
manipulation causing bias against certain
groups in crime prediction tasks.

SDG 17.
Partnerships for the goals
[1,24,25]

Citizen awareness towards a life shared,
centered, and ethical vision of people, or
partnerships to set global standards for
sustainability for massive
earth observation.

Ethical dilemmas and negative public
reactions are difficult to evaluate and
hinder the consolidation of digital
standards and negative impacts on
communities by algorithmic decisions.

SDG 4.
Quality

Education
[1,26,27]

Student engagement with special needs,
broader classroom participation
promoting ideas that empower citizens,
sharing contents that drive equality.
Content for learners’ individual needs
adapted in favor of inclusive education.

Insufficient training of technologies and
user—computer interaction below the
pace of digital transformation in
education systems and society. Teachers
without skills in DT. Inequality in
technologies access, regarding they are
not a universal right.

SDG 5.

Gender
Equality
[1,3,25]

Women’s empowerment openness
economic and psychologically, releasing
them from men’s dependency. Raising
co-operative awareness among women
with common interests worldwide.

Privacy concerns and digital harassment
in social media. Patriarchal family
structures in some countries. Retaliation
and government control against those
who oppose the status quo. Job market
losses for those without digital skills.

SDG 10:
Reduced
Inequalities
[1,3]

Cyber-security technologies offering
strategic view in manipulation detection
of financial markets. Open opportunities
for foreign trade by small firms at lower
costs. Alleviating economic breach across
workers in various sectors using financial

recommender systems.

Difficulties for data generation
mechanisms from discriminated
communities to update systems.
Automated work and economic

environments accentuate inequalities
against vulnerable individuals.
Polarization across sectors enhanced
through fake news and bots yield a
dangerous trend.

Environmental Dimension

SDG 6.
Clean water and sanitation
[1,28]

Predicting weather and drought by
planned, complex water system
simplification, facilitating human
intervention with real-time data to reduce
contamination and assure quality. Water
resource distribution fairness.

Shortage of high-quality data and
complete information, high temporal
variability in water-related processes,
focus on short-term predictive models

has disregarded advances in long-term
reliable water predictions, and lack of
staff jointly specialized in DT and
water resources.
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Table 1. Cont.

SDG Contributions Barriers
. . . . Lack of scientific standards for some DT
Sustainable smart factories and inclusive . .. . .
. ; . . (i.e., Digital 3D and Digital Twins), lack of
SDGO. innovation for developing regions. X
. integrated data platforms hampers
Industry, Supporting of SMEs and startups . :
. . . intelligent systems. Governments and
Innovation & Infrastructure anywhere. Detection of anomalies and .
. S companies’ reluctance to openly report
[21] maintenance facilitation from remote .. . o
. .. pollutant emissions to build Al prediction
computational vision and models. .
and warning systems.
Social Dimension
Cyber-attacks, long-term obsolescence,
Safer management of renewable energy  and no standardization of digital energy
SDG 7. plants reducing energy consumption. systems are vulnerabilities and cause
Affordable and clean Remote decentralized management of difficulties of implementation.
& P
Energy massive energy infrastructures in Digitization consumption tends to cause
[6,17,29] real-time. Energy efficiency and its timely blackouts in developing countries,
supply at an optimal cost. representing an expressive part of global
energy consumption.
Accountability and transparency in High simplification of production chains
consumption policies to predict and for their optimization, resource
simulate production processes to reduce availability dependence on weather
SDG 12 energy consumption and raw material factors affecting predictions, and hard
Responsible consur.n tion and overuse. Early detection of breakdown to production process adaptation due to
P Pro ductionp prevent waste, more synergy of high modification costs. Sustainability
[7,30] production and consumption, aiming and cost reduction are often two opposite
" reductions in industrial waste and goals in industrial production. Deemed
pollutant emissions. Production planning  unacceptable costs of integrating Al and
adapted to predicted consumption DT might be denied by firms
patterns to avoid unnecessary waste. and consumers.
Remotely assist countries to make better Not affordable data or information in
SDG 13 emergency or disaster recovery decisions. certain regions, certain political
Clima te. Education of younger generations about resistance, and economic cost for
Action climate change action. Early prediction of large-scale systems to optimize pollutant
[1,31,32] natural catastrophes, enabling loss emissions in urban areas combined with
e reduction and better understanding of inherent computational cost requires
desertification trends. significant energy.
‘ ‘ Dieitization i hich : .
Predict water quality parameters, early igitization incurs high economic costs
. . . Massive volumes of data to make
oil dumping detection and ocean . o .
g A o accurate estimates are difficult to obtain
SDG 14. acidification estimation. Exploiting data . .
. o . due to the complexity of the marine
Life below water from monitoring sources to obtain . : .
- physical environment. Malicious uses of
[1,33,34] knowledge for predictive 7 .
. ; . digital technologies, and cyber-attacks
decision-making about sustainable
s may lead to uncontrolled
exploitation of ocean resources. s
overexploitation.
Early di detection i to red . . .
arly disease detection in crops to reduce Complexity of deploying highly
herbicide use and environmental impact. L S
. e . sophisticated DT capable of operating in
Sensor-driven automatic fire detection for o - R,
. . . difficult conditions, e.g., low visibility
SDG 15. earlier, safer action and cost reduction. . L.
. . o due to fires. Cost of deploying in
Life on land Intelligent irrigation and automate
. ; . farmlands, not affordable to small
[8,35] cultivation, reducing water consumption.

Wildlife and ecosystems protection.
Farming product sales forecasting to
prevent overproduction and waste.

farmers. Al to reduce deforestation is a
major challenge in developed countries,
implying logistic problems.
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2.2. A Panoram of SDG in Brazil and Portugal

In this subsection, we present the main strategic initiatives from Brazil and Portugal
to disseminate SDGs and move forward to new achievements in the SDG Agenda 2030.

2.2.1. Brazil Initiatives for SDG

In general, countries are failing to adopt SDGs around the globe [36]. Brazil has
been progressing in the SDG Agenda 2030, particularly in the field of decent work and
eco-nomic growth. Nonetheless, considering Brazil’s reality, sustainable development is
still far away from Brazilian households. Poor existent sanitary infrastructure to handle
plastics residuals, solid trash, sewage, and particularly kitchen oil which are deposited in
many regions protected by national laws are some challenges faced. [37].

Ali et al. [36] pointed out that Brazilian companies are more focused on economic
activities, development of institutions, and securing respectable work opportunities for
their people. However, three SDG goals are not highlighted in the vision and mission
statements of the Brazilian companies: ‘Quality Education’, ‘Gender Equality’, and ‘Life
Below Water’.

In the scenario of diversity that defines Brazil, some strategies were defined as essen-
tial for SDG achievements: (i) national governance through the creation of the National
Commission for the SDGs as an advisory and parity body; (ii) adequacy of targets to take
into account regional diversity, Brazilian government priorities, national development
plans, current legislation, and the socioeconomic situation experienced by the country; and
(iif) national indicators considering data availability and monitoring [37].

In addition to the Brazilian government’s planning instruments [37], Brazil intends
to stimulate the creation of local governance structures, which will lead the process of
localizing the 2030 Agenda in the territories encompassing an engagement of private sector,
academia and civil society organizations, preparation of monitoring reports, building
institutional partnerships, preparation of a multi-year plan, creation of subnational com-
missions, SDG Brazil Award, and training public managers. Some tools by the initiative of
the government and civil society have supported the planning and the dissemination of
the SDGs, which are highlighted in Table 2.

2.2.2. Portugal Initiatives for SDG

Portugal has followed up its SDG statistics through the Instituto Nacional de Estatistica
(INE) as the central institution for the production and dissemination of official statistics
of Portugal. They have been in close coordination with other statistical departments
of various ministries and national authorities, involved in the implementation of SDG
strategic priorities to gather efforts in achieving the Agenda 2030 [38].

The country has been strongly involved in the efforts undertaken by other international
bodies to align its respective policies and instruments to the SDG ambitions. In 2016 at
the Conference of the Parties to the United Nations Framework Convention on Climate
Change, Portugal took on the goal of achieving carbon neutrality by 2050, having developed
a roadmap for carbon neutrality that set the vision, the trajectories, and guidelines for the
policies to be implemented in this time frame.

The response to this challenge will be truly transformational in the way in which
some of the most determining aspects of life in society face, regarding production and
consumption patterns; the relationship with this production and use of energy; the way
in which cities and spaces are organized for housing, work, and leisure; and the way
mobility needs are faced with. In addition to being a technological challenge, this will also
be a societal challenge that will depend considerably on the support and adhesion of the
entire society.
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Table 2. Brazilian initiatives for SDG dissemination.

Initiatives

Description Access

Dialoga
Brasil

A digital participation platform where citizens can
make suggestions to assist in the debate and http:/ /dialoga.gov.br
formulation of public policies including those to Accessed on 6 October 2021
reach SDG targets.

SDG
Strategy

An electronic website bringing together
organizations representing civil society, the private
sector, local governments, and academia, with the http:/ /www.estrategiaods.org.br
aim of broadening and enhancing the debate on Accessed on 6 October 2021
SDG and mobilizing, discussing, and proposing
means of implementation for the 2030 Agenda.

Participa.br Portal

A social media instrument providing participation
tools for citizens, networks, social movements, and
organizations, enabling dialogue among http:/ /www.participa.br
governmental bodies and society, through public Accessed on 6 October 2021
consultations, debates, conferences, and
online events.

The 2030 Agenda
Platform

A platform structured into three axes: (i)
information presenting the process of developing
the follow-up agenda for the SDGs and their
targets, as well as providing publications and
contents on the 2030 Agenda in Brazil; (ii)
monitoring and review, which provides http:/ /www.agenda2030.com.br
information on the monitoring indicators and will Accessed on 6 October 2021
present graphs and database with SDG outcomes
in the federated entities; (iii) participation, whose
main target audience comprises users and
institutions wishing to follow up discussions and
advances regarding the SDGs.

Map of Civil Society
Organizations

A georeferenced platform with data on civil society
organizations, allowing for the dissemination of
the 2030 Agenda, as well as a follow-up of
activities carried out by these organizations and
their relationship with the respective SDG targets.

http:/ /mapaosc.ipea.gov.br
Accessed on 6 October 2021

Municipal Vulnerability Atlas

A platform comprising the Social Vulnerability
Index (IVS), based on indicators of the Human
Development Atlas1. Organized in three
dimensions: Urban Infrastructure, Human Capital,
and Income and Labor. The Social Vulnerability
Index allows mapping out exclusion and social
vulnerability in 5565 municipalities and in Human
Development Units of the main metropolitan
regions of the country. This tool assists
municipalities to assess and plan actions focused
on local.

http:/ /ivs.ipea.gov.br
Accessed on 6 October 2021

Source: Secretariat of Government of the Presidency of the Republic [33].

Portugal embodies its strategic priorities [38] for the implementation of the 2030
Agenda for Sustainable Development in SDG4—Quality Education, SDG5—Gender Equal-
ity, SDG9—Industry, Innovation, and Infrastructure, SDG10—Reducing Inequalities,
SDG13—Climate Action, and SDG14—Protecting Marine Life. At the same time, the
INE has been monitoring European initiatives in a framework of cooperation with the
United Nations Economic Commission for Europe (UNECE) and Eurostat in developing
global indicators. In this context, we note a differentiated situation in terms of methodolog-
ical stabilization and availability of these indicators, according to the classification system
defined by the Inter-agency Expert Group (IAEG-SDG) [38].
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SDG17: Partnerships for the Goals
SDG16: Peace, Justice and Solid Institutions

SDG12: Responsible Production and...

SDG11: Sustainable Cities and Communities

This process has enabled national and international mapping of available information
and identified the most appropriate sources of indicators for the monitoring of the 17 SDGs
in Portugal. Figure 1 shows information and data availability in terms of indicators to sup-
port SDG achievements in Portugal, published in a national report on the implementation
of the 2030 Agenda (in the graphic are % of indicators) [38].

SDG15: Life on Land
SDG14: Life Below Water
SDG13: Climate Action

SDG10: Reduced Inequalities

SDG9: Industry, Innovation and Infrastructure
SDGS8: Decent Work and Economic Growth
SDG7: Affordable and Clean Energy

SDG6: Clear Water and Sanitation

B Information Available

No Relevant Information not Available

SDG5: Gender Equality I L
SDG4: Quality Education |
SDG3: Good Health and Well-Being I
SDG2: Zero Hunger I .
SDGI: No Poverty I
0 50 100

M Relevant Information not Available

B Information Available but Out of Scope

M Information with inconclusive availability

Figure 1. Quantity of information and data availability for each SDG (in percentage). Source: Ministry of Foreign Affairs

National Report on the Implementation of the 2030 Agenda for Sustainable Development [38].

In terms of indicators to be developed, the Instituto Nacional de Estatisticas—INE—
highlights more attention to SDG 2, 5, 11, and 14, where there are a higher percentage of
inconclusive data availability, together with SDG 10, 11, 12, 13, 14, 15, and 17 that have
indicators out of scope to measure the evolution of these SDGs. These SDGs reflect a data
disaggregation to map the progress of SDGs in the various population sectors, which have
received more attention from Portugal’s authorities.

To focus all the existing information on a single platform, the INE has made available
on its portal (www.ine.pt; accessed on 10 October 2021) a file on the “Sustainable Develop-
ment Goals” (in continuous updating) to allow all interested users an easy overview of SDG
indicators. In the context of international cooperation, the INE has also been supporting
the Portuguese-speaking countries in developing their national statistical systems in the
context of the Community of Portuguese Language Countries (CPLP). In this sense, the
statistical cooperation has been, since the 1980s, one of the priorities of INE and of the
Portuguese Cooperation—today, meeting objectives in SDG 17. The existing cooperation
programs will reflect the new information needs, with particular emphasis on data disag-
gregation to reflect progress in the various sectors of the population, including the most
vulnerable [38].
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3. Methodology

In this section, we present our approach based on surveys that rank different digital
technologies to better achieve the SDGs. We identified in recent literature [3,39,40] some ba-
sic information about the structure that has been used to measure Al-Driven DT preference
relations. Then, we define the tools to use to create the survey instrument. Finally, we chose
to use, as reference, the proposed courses of action for Al-Driven DT described in [1,3] to
build our model and capture decision-making that ranks different digital technologies to
achieve the SDGs from the Brazilian and Portuguese citizens’ viewpoint.

3.1. Data Acquisition

Instrument design and adaptation in scientific research is a common phase for con-
ducting a study to answer research questions [3]. As quantitative research, this study used
a questionnaire for the desirable property of quality and the ability to measure the variables
for which it was designed, being flexible for the subject in place. Availability to reach more
people was considered, and, in this regard, an online digital media—Survey Monkey—was
used to support this phase and helped reach more people, reducing costs and answer time.

The advantage provided by the Survey Monkey platform is that it allows us to have an
unlimited number of participants in different levels of answers. Additionally, its interface
with statistical software provides easy data transferring. The questionnaire had two phases:
the first phase was to express the level of importance of each SDG among the economic,
social, and environmental dimension, and the second phase was to express preferences of
Al-Driven DT among the 17 SDGs. Instructions about SDGs and AI-Driven DT definitions
were provided to participants before initiating the questionnaire. Each question about
SDG contribution in each dimension and Al-Driven DT was classified according to the
participant’s perception of how much the listed SDG and Al-Driven DT can contribute to
the country in all its forms everywhere. This proposed survey was simpler and faster for
decision-making approximations to gather opinions. In addition, Survey Monkey avoid
missing data when the system did not allow blank answers.

The surveys were conducted anonymously, and it was not necessary to provide
personal information. However, participants could provide an e-mail address if they
wanted to receive the survey’s results. An invitation campaign to visit the website was
launched, reaching academic and professionals in different sectors, with differing levels of
experience and knowledge in Al-Driven DT. In addition, we also contacted associations
with strong links. For example, we contacted the Nucleo de Estudos e Pesquisas Ambientais
and Pacto Global both in Brazil. Definitions and information about SDGs and Al-Driven
DT are provided to the participants in the questionnaire regarding the goals of the survey
that initiated in June 2021 and closed in October 2021.

For ease of access to the surveys and provide enough information to the respondents
in their native language about the different SDGs and the proposed Al-Driven DT, we
prepared two different websites: https://pt.surveymonkey.com/r/BRSDG2021 for Por-
tuguese from Brazil and https://pt.surveymonkey.com/r/PTSDG2021 for Portuguese
from Portugal, both created on 07 August 2021, and lastly accessed on 02 November 2021
to capture final data for analysis.

Sampling is an important step in the research process because it helps inform the qual-
ity of inferences made by researchers, and it should generate sufficient data pertaining to
the phenomenon of interest to allow thick, rich description, thereby increasing descriptive
validity and interpretive validity [41]. Thus, we calculated the sample size in G-Power
software due to its ease of use and the wide range of projects it supports [42], in order to
have good quality data in terms of absolute numbers. Figure 2 shows the graph data about
the sampling calculation in t-statistics in two independent groups using G-Power* 3.1.9.2
software. Additionally, Table 3 provides information regarding the number of answers
collected from each survey and conclusion rates with respect to the minimum limit of
participants (n > 50). All statistics were calculated with JASP software support [43].


https://pt.surveymonkey.com/r/BRSDG2021
https://pt.surveymonkey.com/r/PTSDG2021
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Figure 2. Sample size calculation for two groups of data.

Table 3. Number of responses received in each survey.

Survey #Completed Surveys #Total of Answers Percentage !
BRSDG2021 78 107 73%
PTSDG2021 44 65 68%

Note. ! Conclusion rate; BRSDG2021 = Brazil Survey; PTSDG2021 = Portugal Survey. (#Completed surveys
correspond to the number of participants that concluded the survey until the end, and # Total of answers
corresponds to the total of participants, including those that abandoned the survey at any moment).

3.2. AI-Driven DT Decision-Making Analysis

Once we collected enough answers for each survey, we identified the SDG classifica-
tion in each dimension to understand their level of priority in the two countries through
ascending order, where the lowest priority level received a score of 1 and the highest prior-
ity level received a score of 5, as a Likert-scale. In sequence, we identified each Al-Driven
DT in each SDG, according to those preferable over the others, based on a score of very low
contribution (score 1) to very high contribution (score 5), and at this point, we aggregated
all the information to determine the mean scores (t-statistics) for each of them in terms of
effectiveness and preference to support each SDG. Yet, these mean scores were compared
between the two groups, and the Levene’s test was used to assess the equality of variances
avoiding homogeneity of variance or homoscedasticity [44], supporting our analysis and
conclusions about the recommendations.

The profile of participants into the two groups are also considered in our analysis, par-
ticularly, because some participants may not be experts in Al-Driven DT, and a combination
of these characteristics may have influenced the answers. Profile monitoring is a promising
area, which has a wide application. Research on the statistical monitoring of profiles has
just begun and the techniques provide efficient ways to understand environments [45]. We
believe that research that also monitors general profiles benefits applications greatly.

Additionally, the relevance in having a profile monitored, in terms of characteristics
in a sample, is related to having different perspectives about the same subject, based on
different experiences that might create new interpretative ways with the data. Additionally,
in some cases, it also allows researchers to have results with less bias or the tendency of
knowledge in this kind of research that embraces technological opinion. It assumes that
these characteristics provide more accuracy in terms of the proximity of citizens’ opinions
in different levels of society in a population analyzed. Table 4 presents profiles monitored
in our sample.
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Table 4. Sample profile.

Profile Description Brazil Portugal

No Knowledge - -

Low Knowledge 9.3 3.1

Llfvel Zflk]:f)“’.v"ledg; Medium Knowledge 57.9 73.9

about Al-Driven High Knowledge 233 23.1
Very High Knowledge 9.3 -

Less than 25 years old 2.8 6.2

26 to 35 years old 19.6 10.8

Age 36 to 45 years old 33.6 44.6

46 to 55 years old 28.0 27.7

Above 55 years old 15.8 10.7

Public company official 14.0 69.2

. Private company employee 46.7 16.9

Professional data Self-governing 16.8 77

Others 224 6.2

Note. Results in percentage.

Yet, Brazil and Portugal are different in their cultures despite the language being
similar and Portugal being Brazil’s settler centuries ago. Both countries may perceive differ-
ences in terms of SDG priorities or Al-Driven DT contribution or effectiveness. Although,
the results are significant for governments, practitioners, and researchers in assuming
directive actions to invest in some Al-Driven DT specifically and to prioritize SDGs.

4. Results and Discussion

In this section, we present the results of the SDG priority classification in each dimen-
sion (economic, social, and environmental) and AI-Driven DT contribution classification
decision-making, described in Section 3.2, showing the final preference ordering and a
brief discussion about the results yielded from an SDG vantage point.

4.1. SDG Priorities for Brazil and Portugal

The proposed priorities of SDGs in each dimension (see Table 5) are among the ones
with the highest mean score (MS) rates. The variance (F) rates among the scores represent
the mean variances between Brazil and Portugal, which indicates signs of intensity for
the SDG; thus, we have a moderately balanced distribution of individual votes. In the
economic dimension, SDGY Industry, Innovation and Infrastructure is elected as the most
SDG priority for both countries. Yet in the economic dimension, in Brazil, SDG3 “Good
Health and Well-Being” was the second priority, followed by SDG8 “Decent Work and
Economic Growth”. In Portugal, SDG3 “Good Health and Well-Being” was the second
priority, followed by SDG2 “Zero Hunger”. In the social dimension, SDG17 “Partnerships
for the Goals” was the most prioritized for both countries, with low variance in ¢ scores,
followed by SDG16 “Peace, Justice and Solid Institutions”. In the environmental dimension,
SDG15 “Life on Land” was the most prioritized for Brazil and SDG14 “Life Below Water”
for Portugal. SDG13 “Climate Action” appeared in third place for both countries. No high
variances in ¢ scores among the SDGs were identified for each dimension, reflecting slight
similarities between Brazil and Portugal in terms of SDG priorities.
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Table 5. SDG ranking priority based on t scores for dimensions.

Dimension SDG Brazil ! Portugal 2 F3
SDG1: No Poverty 2.748 2.769 0.350
E . SDG2: Zero Hunger 2.832 2.862 1.021
D.conorr.uc SDG3: Good Health and Well-Being 3.215 2.846 1.469
rmension SDG8: Decent Work and Economic Growth 2.953 3.062 0.102
SDG9: Industry, Innovation, 3052 3.462 0.047

and Infrastructure
SDG4: Quality Education 2.804 2.831 0.011
SDG5: Gender Equality 3.243 2.969 6.915
Social SDG10: Reduced Inequalities 3.262 3.615 0.037
Dimension SDG11: Sustainable Cities and Communities 3.636 3.369 0.006
SDG16: Peace, Justice and Solid Institutions 3.794 3.769 0.689
SDG17: Partnerships for the Goals 4.262 4.446 0.487
SDG6: Clear Water and Sanitation 2.579 2.954 0.977
SDG?7: Affordable and Clean Energy 3.093 3.015 2.061
EnV}ronm.ental SDG12: Responsible P.roductlon and 3971 3.000 0.030
Dimension Consumption

SDG13: Climate Action 3.841 3.631 0.003
SDG14: Life Below Water 4.093 4.077 0.674
SDG15: Life on Land 4121 4.031 0.415

Note. 1 n=107;2 n = 65; 3 Levene’s test; p value > 0.001.

4.2. AI-Driven DT in SDG1: No Poverty

From the five proposed Al-Driven DT recommendations to pursue the targets under-
lying this goal (see Table 6), there was a preference for three of them (SDG1.3, SDG1.4,
and SDGL.5), with a high MS variance. This suggests that Al-Driven DT solutions com-
bining and balancing the following three strategies would be perceived as popular holis-
tic solutions: (i) Free digital platforms supported by individual financial management
(SDG1.5), (ii) Advisory information systems on financial and economic education of fami-
lies (SDG1.4), and (iii) Al using big data in the analysis of population economic data. This
finding translates the view of people about education and poverty [46] in sharing richness
through financial support and better financial education as a unique way of avoiding
poverty, changing the traditional feeling of populism, where people wait for charity or
someone to solve poverty.

Table 6. Al-Driven DT Preference t scores in SDGI1.

AI-Driven DT Brazil ! Portugal 2 F3
SDG1.1 Machine Learning in official data

- : . 2.603 2.705 1.372
governance and decision-making against poverty
SDG.l.Z .Povel.‘ty measurement guided by 2872 2707 1338
monitoring digital platforms
SDG1.3 AI using blg data in the analysis of 3141 2955 1.644
population economic data
S.DGl..4 Advisory mfgrmatlon §ystems on 3.090 3.409 0.023
financial and economic education of families
SDGL1.5 Free digital platforms supported by 3295 3205 1.018

individual financial management

Note. ! n=78;2 n = 44; 3 Levene’s test; p value > 0.001.

4.3. AI-Driven DT in SDG2: Zero Hunger

The recommendations for this SDG (see Table 7) are among the ones with the highest
participation mean scores (SDG2.3, SDG2.4, and SDG2.5). Its associated variance between
3.682 for the most preferred alternative and 2.750 for the third preferred one indicates no
signs of a very strong preference for-or-against the alternatives, thus having a moderately
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balanced distribution of individual votes. Nevertheless, there were slight differences to
distinguish the last two options incurring, even because SDG2.2 and SDG2.3 achieved the
MS in Portugal. SDG2.2 Smart City with safe food risk warning system [47] and SDG2.1
Advisory Information Systems for Food Management and Governance [48] had a high
proximity level of MS between the countries. Education about health eating guidelines
appeared as a strong concern among participants, without considering any culture aspects
or specialties in the way of eating or availability of food.

Table 7. AI-Driven DT Preference t scores in SDG2.

Al-Driven DT Brazil! Portugal 2 F3

SDG2.1 Advisory Information Systems for Food

2.615 2.500 1.703
Management and Governance
SDG2.2 Smart City with safe food risk warning system 2.679 2.750 0.488
SDG2.3 Productlon and supply of traceable foods via 2756 2750 0.932
Blockchain technology
SDGZA Accessible platforms fpr data integration in 3.500 3.682 0.065
agricultural and food production
SDG2.5 Al in Virtual/ Augmented Reality applied to healthy 3449 3318 3.842

eating guidelines for the population

Note. 1 n=78;2 n = 44; 3 Levene’s test; p value > 0.001.

4.4. AI-Driven DT in SDG3: Good Health and Well-Being

There is no strict order of preference between the countries in the five proposed alterna-
tives (see Table 8) to achieve SDG3 Good health and Well-being for all. Medical prediction
and diagnosis through artificial intelligence (SDG3.1) and Use of Virtual/Augmented
Reality techniques and mobile apps for training healthcare professionals (SDG3.2) were less
popular in the health landscape. Public digital apps with personalized recommendations
for healthy habits (SDG3.3) was ranked as an intermediate option. The highest contributors
were shown by Information systems that advise on health safety, detecting and controlling
infectious diseases (SDG3.4) and Big Data homogenization of multiple medical and health
data sources (SDG3.5). This outcome is not unexpected, since the behavior of populations
detected in the COVID-19 pandemic [49], especially in Brazil, related to controlling infec-
tious diseases was particularly mismatching and disorganized, and, in many countries, the
homogeneity in terms of treatment followed the same streamline.

Table 8. Al-Driven DT Preference t scores in SDG3.

AlI-Driven DT Brazil ! Portugal 2 F3
SD93:1 Medlc.al prediction and diagnosis through 2577 2773 0.539
artificial intelligence
SDG;%.Z Use of Vlrtu.al'/ augmented reality tthnlques and 2590 2682 0.277
mobile apps for training healthcare professionals
SDG3.3 Public digital apps with personalized
recommendations for healthy habits 2859 2795 0.007
SDG3..4 Information systems thé.lt adv1.se on health safety, 3.410 3.386 0.057
detecting and controlling infectious diseases
SDG3.5 Big Data homogenization of multiple medical 3564 3.364 0.494

and health data sources

Note. 1 n=78;2 n = 44; 3 Levene’s test; p value > 0.001.

4.5. Al-Driven DT in SDG4: Quality Education

Table 9 shows the recommendations for SDG 4. Two popular proposals were ob-
served. The first one was SDG 4.5 Use of Virtual/Augmented Reality techniques and
mobile applications to disseminate technical content and support education at different
levels of training, and in second place was SDG 4.1 Open and free education platforms
with recommended content to encourage continuous learning. Technologies that reach
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more layers in societies are preferable, combining investments to provide less expensive
education or even a free one. The next option, with almost the same score between the
countries, was SDG 4.4 Personalized learning via Al and inclusive education, following the
same premise about education for all everywhere. This is something particularly associ-
ated with countries’ realities, especially considering how important ubiquitous learning
paradigms are nowadays, and “inclusive education” as an important goal for many experts
in learning [3]. In the last positions were SDG 4.2 Big Data for handling student information
for decision-making in public education policies and SDG4.3 Conversation Assistants for
academic management and teaching quality assessment.

Table 9. Al-Driven DT Preference t scores in SDG4.

AI-Driven DT Brazil!  Portugal 2 F3

SDG 4.1 Open and free education platforms with

. . 2.987 3.045 2.794
recommended content to encourage continuous learning
SDG '4.2 Big D'ata'for haerlmg stgdent 1rTf9rmat10n for 2910 2682 3493
decision-making in public education policies
SDG 4.3 C.onversa.tlon Assistants for academic management 2756 2818 0.284
and teaching quality assessment
SDG 4.4 Personalized learning via Al and inclusive education 2.949 2.932 0.096
SDG 4.5 Use of Virtual/ Augmented Reality techniques and
mobile applications to disseminate technical content and 3.397 3.523 1.894

support education at different levels of training

Note. 1 n=78;2 n = 44; 3 Levene’s test; p value > 0.001.

4.6. AI-Driven DT in SDG5: Gender Equality

Amongst the recommendations for this SDG (see Table 10), there were two highly
preferred option, SDG 5.5 Al with Virtual/ Augmented Reality to guide women and girls in
their economic and emotional emancipation in Portugal and SDG 5.4 Open DT for discus-
sions on more effective legislation in defense of women and girls in Brazil, both centered on
citizens’ preparation to avoid legal and social discrimination. They were followed by SDG
5.3 Al using monitoring digital platforms to detect gender bias in recruitment processes or
deliberative bureaucracies, more oriented to discrimination in work environments as the
third option. Even with the mean score of Al-Driven DT being slightly different, the vari-
ances were not significant between the countries. Discrimination against gender appears in
many countries like a medieval behavior in societies. Education, new legislations, social
manifestation, and political efforts do not seem to be enough. Al-Driven DT may be a new
option to disseminate a better quality of relationship among any form of gender around
the world; however, the question is whether Al-Driven DT in any form will overcome
people biases [3,25]. Therefore, regardless of the scores associated here between Brazil and
Portugal, all types of initiative under Al-Drive DT are valid.

Table 10. AI-Driven DT Preference t scores in SDG5.

Al-Driven DT Brazil! Portugal 2 F3

SDG5.1 Virtual and specialized training in new technologies
for girls and women

SDG5.2 Al using Blockchain technology to detect degrading or
discriminatory content and behavior towards girls and women 2.487 2.273 0.323
on social networks

SDG5.3 Al using monitoring digital platforms to detect gender

2.359 2.636 0.149

o . : . . 3.064 2.977 0.228
bias in recruitment processes or deliberative bureaucracies
SDG5.4 Open DT for dlscu§31ons on more effective legislation 3.603 3.432 2943
in defense of women and girls
SDG5.5 Al with Virtual/ Augmented Reality to guide women 3.487 3.682 1716

and girls in their economic and emotional emancipation.

Note. 1 n=78;2 n = 44; 3 Levene’s test; p value > 0.001.
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4.7. AI-Driven DT in SDG6: Clear Water and Sanitation

Targets under this SDG may be achievable with a contribution of SDG6.4 Management
and governance of water-related resources, infrastructure, and ecosystems using advisory
information systems [50] in Portugal and SDG 6.5 Big Data of water infrastructure and
ecosystems linked to water and contamination processes to allow the study and analysis
of future experiments [51] in Brazil (see Table 11), were noticeably stronger preferences.
From the rest of the proposed Al-Driven DT, SDG 6.3 IoT to monitor all types of water
installations, networks, and ecosystems gained third place, due to opportunities of these
type of technologies being positively easier to implement. The last options were SDG
6.1 and SDG 6.2, which were potentially more known within the scope of water systems,
and therefore, it would not be perceived as necessary comparing current lines of action in
both countries.

Table 11. AI-Driven DT Preference t scores in SDG6.

Al-Driven DT Brazil!  Portugal 2 F3

SDG6.1 Al in forecast sensors and detection of damages and

ruptures in water infrastructure, as well as detection of 2.474 2.705 4.302
sources of conscious reuse of water resources

SDG6.2 Use Machine Learning techniques to improve
prediction models for existing water systems

SDG6.3 IoT to monitor all types of water installations,
networks, and ecosystems

SDG6.4 Management and governance of water-related
resources, infrastructure, and ecosystems using Advisory 3.538 3.409 2.066
Information Systems.

SDG6.5 Big Data of water infrastructure and ecosystems

linked to water and contamination processes to allow the 3.692 3.295 0.148
study and analysis of future experiments

2.436 2.455 3.358

2.859 3.136 0.299

Note. ! n1=78;2 n = 44; 3 Levene’s test; p value > 0.001.

4.8. AI-Driven DT in SDG7: Affordable and Clean Energy

There are different proposals in this SDG (see Table 12). A visible preference in the
SDG 7.5 Blockchain technology to control traceability and better monitor financial flows
for investment in clean and renewable energy and SDG 7.4 Robotics to reduce inspection
and maintenance costs of energy facilities, presumably focused on creating more reliable
data about energy facilities. This finding can be associated with high costs (people, process,
and goods) to keep energetic functions in place in these regions. The next one was SDG
7.3 Digital educational platforms for the use of alternative energies, and again, AI-Driven
DT for education of people appeared as a good contributor. Following [1,3], renewable
energies are publicly considered as the energies of the future and a better education on
them may be required for future generations survival. The last two ones were SDG 7.1
and SDG 7.2, aimed at reducing the consumption of energy in data centers: not a widely
tackled problem yet, in spite of its increasing significance [52,53], but not evidenced for
population in general.

4.9. AI-Driven DT in SDG8: Decent Work and Economic Growth

In this SDG (see Table 13), we can observe the highest popular AI-Driven DT was
SDG8.5 Accessible and free platforms for the dissemination of services offered by profes-
sionals, self-employed and freelancers [54], characterizing the importance of entrepreneur-
ship in both countries. In Brazil, an increasing number of startups in the last decade justify
this result, and in Portugal, the growing new tech needs from private companies becoming
relevant for survival in a competitive context justify the importance of free platforms. The
lower contributors were SDG8.1 Integrated Digital Platforms for digital education and
combating digital breach [55,56] for Brazil and SDG8.2 Advisory Information Systems for
new products and services [57,58] for Portugal, even digital education being considered to
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develop new ways of working and recommendations to update education systems have
been significantly supported. SDG8.3 Universal access to the internet and computers as
the basis for access to banking and other credit and tax processing services together with
SDG8.4 DT monitoring of raw materials of electronic and DT do not come from slave labor
assumed an intermediary position, explained by high technological components being
imported from other countries—the majority from Asiatic regions—and because the labor
and tax legislation are highly complex to comply with.

Table 12. AI-Driven DT Preference t scores in SDG7.

Al-Driven DT Brazil!  Portugal F3

SDG 7.1 Data compression and distributed computing
technologies to reduce energy consumption in data processing 2.462 2.318 0.149
and storage centers (Data Centers, Big Data platforms)

SDG 7.2 Twin Digital for high fidelity models in forecasting

2.269 2.659 0.154
renewable energy resources
SDG 7.3. Digital Educatlonal Platforms for the use of 3179 2977 4560
alternative energies
SDG 7.4 Robotics to reduce inspection and maintenance costs 3.205 3.500 0112

of energy facilities

SDG 7.5 Blockchain technology to control traceability and
better monitor financial flows for investment in clean and 3.885 3.545 7.543
renewable energy

Note. 1 n=78;2 n = 44; 3 Levene’s test; p value > 0.001.

Table 13. AI-Driven DT Preference t scores in SDGS.

Al-Driven DT Brazil ! Portugal 2 F3
SDG 8.1. Integr.ated Digital Platforms for digital education and 2397 2636 2 664
combating digital breach
SDG 8.2 Advisory Information Systems for new products 2513 2455 0.021

and services

SDG 8.3 Universal access to the internet and computers as the
basis for access to banking and other credit and tax 3.244 2.932 0.098
processing services

SDG 8.4 DT monitoring of raw materials of electronic and DT do
not come from slave labor

SDG 8.5 Accessible and free platforms for the dissemination of
services offered by professionals, self-employed and freelancers

Note. 1 n = 78; 2p= 44, 3 Levene’s test; p value > 0.001.

3.231 3.386 1.825

3.615 3.591 2.607

4.10. AI-Driven DT in SDGY: Industry, Innovation and Infrastructure

Following five Al-Driven DT proposals in this SDG related to industry, innovation,
and infrastructure, as shown in Table 14, we observed the highest preferred options
were SDGY.4 “Systematic monitoring of pollutant emissions in industry and transport”,
which is highly analyzed in cleaner production literature that analyzed the differences in
investments applied among large, medium, and small firms to improve productivity and
profit margins, resulting in environmental benefits [7].

This was followed by SDG 9.5 Systematized monitoring for open, sustainable, and
inclusive innovations arising from investments in public and private R&D in both countries;
it identifies a large opportunity for Al-Driven DT developments in offering DT to overcome
cultural and technical barriers in the process of implementing easy-to-understand cleaner
production, presenting alternatives to overcome barriers by identifying causes and effects,
and evaluating economic results.
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Table 14. AI-Driven DT Preference t scores in SDG9.

Al-Driven DT Brazil!  Portugal 2 F3
SDG9.1 Twin ].:)lglté.il for the .generatlon of sustainable 2064 2068 0.701
structural engineering solutions
SDG9Y.2 AI t(? support infrastructure projects and 2731 2841 1.520
communication and transport networks
SDG9.3 Dlgltal transformahqn of economy to support startups 3.051 3.068 0.801
in innovative products/services
SDG9.4 Systematic monitoring of pollutant emissions in 3372 3.409 0.704
industry and transport
SDG9.5 Systematized monitoring for open, sustainable, and
inclusive innovations arising from investments in public and 3.782 3.614 0.723

private R&D

Note. ! 1 =78;2 n = 44; 3 Levene’s test; p value > 0.001.

Moreover, according to Leite et al. [9], developing an environmental assessment
through material applied into production allows for an early view in sustainable prac-
tices, and thus contributing to the reduction in economic difficulties. This approach is
an actionable stepwise process that can be implemented in contexts with a limited avail-
ability of resources (e.g., financial, time, etc.), and, for this reason, can offer a good step-
pingstone for small companies to create awareness and initiate engagement with cleaner
production objectives.

The less preferred option in both countries was SDG 9.1 Twin Digital for the generation
of sustainable structural engineering solutions, which is related to providing a physical pro-
cess or objects in real-time for engineering solutions as an important aspect to exert progress
on. It is also associated with the level of complexity in production processes creation.

In an intermediary level were SDG 9.2 Al to support infrastructure projects and
communication and transport networks, probably because pollution is a critical challenge
where industry and transport have an important role to play [3,59]—especially in Brazil,
a large territorial country—and SDG 9.3 Digital transformation of economy to support
startups in innovative products/services.

There was a significant gap between the levels of implementation practices among
firm sizes [7]. For example, small businesses only implement cleaner practices if it is to
reduce costs, midsize companies are under pressure from large companies to implement
better infrastructure in order to participate in product export contracts, and large compa-
nies implement cleaner production practices to comply with international environmental
standards [7]. Therefore, experts can use this result to analyze the firm size and context to
develop appropriate Al-Driven DT to be more inclusive among diverse levels of firm needs.

4.11. AI-Driven DT in SD10: Reduced Inequalities

Regarding SDG 10, which focuses on reducing inequalities, we present the five Al-
Driven DT analyzed (see Table 15). The most relevant one was SDG 10.4 Technological
support in Virtual Reality for small and medium companies regarding digital resources
for globalization and competitive advantage in Portugal and SDG10.5 Accessible Digital
Platforms for education on cultural data from countries and foreign language teaching
in Brazil. This might be because to compete in globalization and e-commerce led by
big enterprises, demand for overcoming language barriers puts entrepreneurs and their
small and medium enterprises in a relatively disadvantaged position. In the intermediary
position SDG 10.3 Digital analysis via Big Data on social polarization in social networks
to combat discriminatory behavior in Brazil and SDG 10.2 Smart territories to promote
citizen participation in city decisions in Portugal, are socially relevant for citizens to live in
a fairer society. In last place was SDG 10.1 Interconnected Digital Bank of countries against
economic crash. Digital banking [60] assumes a high importance for minorities who do not
have a financial condition to pay for banking services, and the niche of these established
users of digital banking applications has still not achieved its maturity. Additionally, the
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concept of a traditional banking service has a bad reputation, especially in Brazil, in using
unfair negotiations, imposing needless obligations for their clients, and entangling them in
a network of additional costs.

Table 15. AI-Driven DT Preference t scores in SDG10.

Al-Driven DT Brazil!  Portugal ? F3
SDG10.1. Interconnected Digital Bank of countries against 2436 2318 0.032
economic crash
spclo.g Smart territories to promote citizen participation in 2744 2955 5311
city decisions
SDG10.3 Digital analysis via Big Data on social polarization in 2795 2500 13.070

social networks to combat discriminatory behavior

SDG10.4 Technological support in Virtual Reality for small and
medium companies regarding digital resources for 3.256 3.886 4.156
globalization and competitive advantage

SDG10.5 Accessible Digital Platforms for education on cultural

data from countries and foreign language teaching 3.769 3.341 0.377

Note. ! n =78;2 n = 44; 3 Levene’s test; p value > 0.001.

4.12. AI-Driven DT in SDG11: Sustainable Cities and Communities

Aiming at building inclusive, safe, resilient, and sustainable urban environments
(Table 16), Brazil and Portugal had the same favorite alternatives against the others:
SDG11.5 Smart action/rescue plans with IoT support to support urban emergencies [61,62],
followed by SDG11.4 Smart Cities and use of urban data Blockchain technology [63] to
handle resilient and contingent plans in protocols of prevention, management, and re-
covery in different situations. A moderate contribution was shown for SDG11.3 Unified
urban data management with Machine Learning. In Portugal, there was a lower preference
towards SDG11.1 Smart Cities for citizen information and monitoring of social aspects,
thereby hinting at a clear opinion that social aspects may not be related to this SDG but
in another. This is a clear example of how people’s perceptions about Al-Driven DT can
greatly vary depending on the nature and characteristic of the SDG in question. SDG11.2
Virtual/ Augmented Reality and mobile applications in inclusive use of city services also
appeared with a low MS.

Table 16. AI-Driven DT Preference t scores in SDG11.

Al-Driven DT Brazil!  Portugal F3

SDG11.1 Smart Cities for citizen information and monitoring

: 2.795 1.977 1.635
of social aspects
SDGl 1 .2.V1rtual / Aggmentgd Reality and mobile applications 2154 2545 2183
in inclusive use of city services
SDG1.1.3 Umfle‘d urban data management with 2987 3136 0117
Machine Learning
SDG11.4 Smart Cities and use of urban data 3.487 3503 1.270
Blockchain technology
SDG11.5 Smart action/rescue plans with IoT support to 3577 3.818 2234

support urban emergencies

Note. ! n=78;2 n = 44; 3 Levene’s test; p value > 0.001.

4.13. Al-Driven DT in SDG12: Responsible Production and Consumption

The results of classification on the five Al-Driven DT proposed (see Table 17) re-
port a strict order of preference across all of them, in both countries, showing that the
first preference was SDG12.5 Advisory Information Systems for sustainability in produc-
tion processes, which is totally associated with cleaner production practices. Cesar da
Silva et al. [8] highlight that an environmental management system with the best practices
and that can acquire environmental certifications is essential for the supply of goods and
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services in the global market. Therefore, Al-Driven DT that could offer training in best
practices on responsible production and consumption might be one of the solutions to
enhance this SDG.

Table 17. AI-Driven DT Preference t scores in SDG12.

Al-Driven DT Brazil!  Portugal ? F3
SDG12.1 Al applied to the sensing of production in factories, 2577 2455 0.640
supply networks and common places of consumption
SDG12.2 Blg Data for production processes and 2 654 2705 1.347
consumption patterns
SDG12.3' Robotics for “virtual” experimentation in 2808 2977 0.016
production processes
SDG12.4 Augmented .Reahty to inform consumers about 3385 3995 0.771
consumption-related impacts
SDG12.5 Advisory Information Systems for sustainability in 3577 3568 2032

production processes

Note. ! n=78;2 n = 44; 3 Levene’s test; p value > 0.001.

In a sequence, SDG12.3 Robotics for “virtual” experimentation in production processes,
SDG12.2 Big Data for production processes and consumption patterns, and SDG12.1 Al
applied to the sensing of production in factories, supply networks and common places
of consumption represent the sequence of Al-Driven DT preferences for both countries,
meaning a variety of technologies acceptable to enhance responsible production.

SDG12.4 Augmented Reality to inform consumers about consumption-related impacts
may arguably be interpreted as the immediate environmental priority in recycle invest-
ments identified in each country as relevant issues, such as urban patterns and architectural
layouts making near-surface urban air pollutants difficult to disperse and better recycling
processes for an ordinary population [64,65].

4.14. AI-Driven DT in SDG13: Climate Action

The AI-Driven DT contributions for SDG 13 are shown in Table 18. The results revealed
a preference for SDG13.5 Advisory Information Systems with virtual conversation or digital
interaction agents aimed at environmental education over the rest. This recommendation
advocates the use of advanced Al techniques for the education of people on environmental
aspects and life survival in all aspects. This was followed by SDG13.4 Smart cities to
optimize urban traffic by reducing pollution, a big challenge in large cities, and SDG13.3
Big Data for predictive technology models using pre-learned models in different areas
of the world, which follows the same argument: education and learning. The last ones
were SDG13.2 Al using robotics (sensors, drones, robots, etc.) for real-time natural disaster
predictions and SDG13.1 Digital Twin for educational models to combat climate change.
This sequence of preferences may arguably be interpreted as the immediate environmental
priority also identified as important issues for education and urban spatial patterns and
architectural layouts making near-surface urban air pollutants difficult to disperse [65,66].

4.15. AI-Driven DT in SDG14: Life Below Water

For this SDG, the preferable Al-Driven DT recommendation (see Table 19) was
SDG14.5 Monitoring Al (drones, internet of things, etc.) to detect predatory fishing and ac-
tions against the environment. This recommendation stands for the adoption of advanced
technologies to detect and monitor the expansion of human actions in destroying fauna
and flora in the open seas. This is becoming a pressing global environmental issue, together
with more than 10 million tons of plastic dumped into the sea annually [3,67,68], thereby
being critically perceived. The second most preferred option was SDG14.4 Big Data and
Advisory Information Systems for research and protection of marine resources, followed
by SDG14.2 Big Data to integrate and analyze large marine areas in Brazil and SDG14.3
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Incorporation of sensors with IoT technologies for real-time detection of marine fauna,
in Portugal.

Table 18. AI-Driven DT Preference t scores in SDG13.

Al-Driven DT Brazil! Portugal 2 F3

SDG13.1 Digital Twin for educational models to combat

. 2.256 2.205 0.398
climate change
SDG1.3.2 Al using 1j0b0t1cs (ser}so.rs, drones, robots, etc.) for 2692 2932 1139
real-time natural disaster predictions
SDG13.3 Big Data for predictive technology models using
pre-learned models in different areas of the world 3.064 3114 0.227
SDG13.4 Smart cities to optimize urban traffic by 3.410 3318 0.265

reducing pollution

SDG13.5 Advisory Information Systems with virtual

conversation or digital interaction agents aimed at 3.577 3.432 1.233
environmental education

Note. ! 1 =78;2 n = 44; 3 Levene’s test; p value > 0.001.

Table 19. Al-Driven DT Preference t scores in SDG14.

AI-Driven DT Brazil!  Portugal 2 F3

SDG14.1 Al for early detection of sources of pollution and
solid waste

SDG14.2 Big Data to integrate and analyze large marine areas 2.846 2.318 0.210
SDG14.3 Incorporation of sensors with IoT technologies for

2423 2.523 0.081

. . . 2.949 2.795 0.223
real-time detection of marine fauna
SDG14.4 Big Data an'd adVlSOI‘Y information systems for 3205 3205 0.494
research and protection of marine resources
SDG14.5 Monitoring Al (drones, internet of things, etc.) to 3577 4068 5699

detect predatory fishing and actions against the environment

Note. ! n=78;2 n =44;3 Levene’s test; p value > 0.001.

4.16. AI-Driven DT in SDG15: Life on Land

A decision-making model applied against the alternatives presented in Table 20 shows
that the recommendation of Smart Territories to efficiently integrate and analyze data
collected in large areas (SDG15.5) dominated in both countries over the rest of the recom-
mendations. The results also show that Al using Big Data to optimize water consumption
in plantations (SDG15.3) and Embedding Smart Sensors with IoT technologies for real-time
smart detection (SDG15.4) were almost equally preferred, even though both recommenda-
tions presented a dissimilar MS. It is relevant to mention that SDG15.4 is such a technology
that, even though it still needs development to reach a greater level of maturity, has
demonstrated a strong efficiency [3] and impact on fire detection [69,70] and land health
monitoring [71,72]. Machine Learning artificial intelligence for early fire detection and
prediction using aerial imagery and/or sensors (SDG15.1) and Robotics for early detection
of crop diseases and loss reduction (SDG15.2) were less recommended. The SDG Life on
Land demands strategic planning with goals and communication to stakeholders about
performance improvements, otherwise best practice adoptions in terms of increased pro-
ductivity and product quality, improvements in worker health and safety, water reuse,
minimization of waste, reduction of environmental accidents, and replacement of toxic
materials might not cause the expected effects. Hence, the adoption of cleaner production
practices is essential and relevant to conquer a purchase contract with customers in the
long-term and also obtain government subsidies for future investments [8].
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Table 20. AI-Driven DT Preference t scores in SDG15.
Al-Driven DT Brazil!  Portugal 2 F3
SDGl?.l Machine Lea.rn1ng.art1f1C1fil 1.ntelhgence for early fire 2423 2909 3420
detection and prediction using aerial imagery and/or sensors
SDG15.2 Rgbotlcs for early detection of crop diseases and 2487 2636 0.107
loss reduction
SDG15.3 AI using Big Data to optimize water consumption 3179 2886 0.008
in plantations
SDG1.5.4 Embedding Smart Sensors with IoT technologies for 3192 3.023 0.088
real-time smart detection
SDG15.5 Smart Territories to efficiently integrate and analyze 3718 3545 8.037

data collected in large areas

Note. ! n=78;2 n = 44; 3 Levene’s test; p value > 0.001.

4.17. AI-Driven DT in SDG16: Peace, Justice and Solid Institutions

From the proposed alternatives for this SDG (see Table 21), SDG16.5 Digital Edu-
cational Platforms for the integration of citizens into the judicial system was the first
recommendation, in Brazil and SDG16.4 Integrated Digital Expert Systems of criminal
evidence in support of the judicial process, in Portugal. From the three remaining options,
SDG16.3 Combination of Al techniques with other technological solutions (drones, Internet
of Things, etc.) as integrated crime-fighting tools kept in the third position, followed by
SDG16.2 Monitoring of institutions using blockchain technology to prevent institutional
corruption, both public and private and SDG16.1 Machine Learning as a tool to anticipate
the incidence of crime and improve security response in the last position. From the authors’
perspective, the higher dominance of SDG16.5 and SD(G16.4 over the rest might be due
to the specificities of the countries; for instance, education challenges in Brazil that also
accompany other SDGs already described, and in Portugal, feasible technologies, which
already have demonstrated a strong potential on applications. In addition, they are based
on clear methods known by the Al community. This opposes SDG16.2 and SDG16.1, whose
technology foundations might hold some uncertainty for the respondents, because of
public institution dependence, even though these solutions have the potential of being
successfully applied nowadays in other countries [73,74].

Table 21. AI-Driven DT Preference t scores in SDG16.

Al-Driven DT Brazil! Portugal 2 F3

SDG16.1 Machine Learning as a tool to anticipate the incidence
of crime and improve security response

SDG16.2 Monitoring of institutions using blockchain
technology to prevent institutional corruption, both public 2.821 2.886 1.334
and private

SDG16.3 Combination of Al techniques with other

technological solutions (drones, Internet of Things, etc.) as 3.090 3.068 2.739
integrated crime-fighting tools

SDG16.4 Integrated Digital Expert Systems of criminal
evidence in support of the judicial process

SDG16.5 Digital Educational Platforms for the integration of
citizens into the judicial system

2.564 2.591 4.426

3.051 3.250 1.242

3.474 3.205 0.019

Note. ! n=78;2 n = 44; 3 Levene’s test; p value > 0.001.

4.18. AI-Driven DT in SDG17: Partnerships for the Goals

This is the most transversal SDG throughout the 17 SDGs and a highly consistent
preference relating to interconnections offered from Al-Driven DT to solving problems
and supporting SDG achievements is evidenced. (See Table 22). The three preferable
technologies, Al with Big Data regarding the actions of countries aimed at SDG (SDG17.5),
Virtual/ Augmented Reality for education and facilitating global alliances (SDG17.3), and
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Digital Platforms for planning and implementing DT across society (SDG17.4) outranked
the rest of the options, suggesting that Brazil and Portugal’s citizens have a strong interest
in witnessing a greater engagement in building comprehensive programs, partnerships,
and frameworks to bring Al-Driven DT into all aspects of people’s daily lives, aligned
with sustainable development. These aspects are also identified in Alonso et al. [3]. The
lower preference for Machine Learning for business alliances (SDG17.1) and Al with
Advisory Information Systems for practices in organizational environments (SDG17.2)
could indicate that participants might be concerned about business data breaches associated
to organizational levels [75]. Thus, it is remarkably important to enforce mechanisms that
not only safeguard data protection and privacy, but also transmit a sense of reliability
to organizations.

Table 22. Al-Driven DT Preference t scores in SDG17.

Al-Driven DT Brazil!  Portugal 2 F3
SDG17.1 Machine Learning for business alliances 2.192 1.818 3.439
.SDG17.2. Al .w1th Ad\/.1sory Information Systems for practices 2692 7818 0.659
in organizational environments
SD.G.17.ES Virtual/ Augmented Reality for education and 3.026 3.068 1.508
facilitating global alliances
SDG17.4 I?lgltal Platforms for planning and implementing DT 3.397 3.250 0.119
across society
SDG17.5 Al with Big Data regarding the actions of countries 3692 4045 1.644

aimed at SDG

Note. ! n=78;2 n =44;3 Levene’s test; p value > 0.001.

5. Discussion about AI-Driven DT preferences in Brazil and Portugal

Al-Driven DT is well-understood to be used in solving problems and its definition has
been seen from various meaning and approaches [13]. Its future will depend on our design
abilities and ingenuity to develop them for each problem identified and to negotiate the
resulting (and serious) ethical, legal, and social issues from these newest forms of using
Al-Driven DT [76]. It is interesting to try to understand what the paths of least resistance
may be in the evolution of Al-Driven DT [13]; therefore, this study applied efforts to
uncover some aspects of preferences to reduce potential resistances in the near future for
Al-Driven DT development for SDG achievements.

Different Al techniques and related digital technologies were analyzed to establish
those which deserve more attention and investment for the purpose of reaching the SDGs
in Brazil and Portugal. Findings revealed similar recommendations between the countries,
showing that, even though the SDG priority classification appeared different, there were
resemblant aspects in the Al-Driven DT preferences.

Regarding the preferability of Al-Driven DT, it is highly manifested by digital edu-
cational platforms to revolutionize different disciplines to fulfill the SDG, in part because
of their wide spread of reaching populations in many layers of society [77,78]. That
information is an asset that can later be analyzed to make better decisions to improve
learning processes, predict changes and failures, and continuously oversee the evolution of
SDG indicators.

Big Data as advisory information systems [79,80] have also been preferred by the
participants to create new policies based on the available data. Clearly, identification to
process and analyze a large amount of information requires great efforts from public and
private institutions towards data accuracy for better decision-making. Blockchain is also
pointed out as a useful technology for the sake of governability, based on its distributed
approach and data integrity characteristics [11,16,17,29,63]. Using Virtual/ Augmented
Reality techniques also appear as very supportive technologies in SDG2: Zero Hunger,
SDG4: Quality Education, SDG5: Gender Equality, and SDG12: Responsible Production
and Consumption [81,82].
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Machine Learning has not been one of the preferable technologies among SDGs,
potentially due to its capacity to build models from data, which can be, for the SDGs in
the social dimension, difficult to create because of uncertainties in human behavior [83,84].
Digital Twins follow the same path of fewer contributor technologies and, maybe because
of its specificities, is less known by participants who do not consider them equally as
interesting as others [3].

Some general lessons have been extracted from these findings:

1. In the SDG priority classification, SDG9: Industry, Innovation, and Infrastructure
(BR = 3.252; PT = 3.462) was the highest preferable SDG in the economic dimension for
both countries. This is a particular chapter, not only for Brazil and Portugal, but also
for other countries, because SDG9 being successful is tightly associated with cleaner
production that affects small, medium, and large firm long-term survival. Oliveira
Neto et al. [6] showed, in a literature review about cleaner production, a huge number
of studies related to economic and environmental evaluation resulting from cleaner
production adoption and the related SDGs. Academic research has demonstrated the
importance of responsible production through Al-Driven DT application. Therefore,
the findings about preferable AI-Driven DT in this study offer a large pace on this
direction for better decision-making.

2. In the social dimension, SDG17: Partnerships for the Goals (Brazil (BR) = 4.262;
Portugal (PT) = 4.446) was the first preference in Brazil and Portugal, which enhances
the relevant role of Al-Driven DT in connecting people towards the same direction,
engaging them, providing accurate data, and connecting them in a large network for
SDG achievements.

3. In the environmental dimension, SDG15: Life on Land (BR = 4.121) was identified
in Brazil as the preference and SDG14: Life Below Water (PT = 4.077) in Portugal.
The SDG 15 is negatively affected for cultural and technical barriers in the adoption
of cleaner production, mainly in small enterprises. However, cultural and technical
barriers can be overcome by means of economic and environmental gains, as well
as through investment in employee training and in the acquisition of more efficient
machines and equipment [9], which is totally associated with AI-Drive DT adoption.
The findings in this study also offer some directions in this way.

4. In Brazil, the five major technologies of preference in descending order were: SDG7.5
Blockchain technology to control traceability and better monitor financial flows for
investment in clean and renewable energy (3.885); followed by SDG9.5 Systematized
monitoring for open, sustainable, and inclusive innovations arising from investments
in public and private R&D (3.782); SDG10.5 Accessible Digital Platforms for education
on cultural data from countries and foreign language teaching (3.769); SDG15.5
Smart Territories to efficiently integrate and analyze data collected in large areas
(3.718); and SDG6.5 Big Data of water infrastructure and ecosystems linked to water
and contamination processes to allow the study and analysis of future experiments
(3.692) [46,55,84-86].

5. In Portugal, the five major technologies of preference in descending order were:
SDG14.5 Monitoring Al (drones, internet of things, etc.) to detect predatory fishing
and actions against the environment (4.068); SDG17.5 Al with Big Data regarding the
actions of countries aimed at SDG (4.045); SDG10.4 Technological support in Virtual
Reality for small and medium companies regarding digital resources for globalization
and competitive advantage (3.886); SDG11.5 Smart action/rescue plans with IoT
support to support urban emergencies (3.818); and SDG2.4 Accessible platforms for
data integration in agricultural and food production (3.682) [87-90].

These technologies should be interpreted as potential successful technologies in Brazil
and Portugal to attend to SDG goals and enhance the role of these countries in sustainable
development, contributing to the survival of planet Earth [91,92].

This study has some theoretical and practical implications. For scholars, it enhances
the relevance of Al and digital technologies to promote new perspectives for digital dis-
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ruptive innovation literature. For practitioners, it contributes the presentation of some
preferable Al-Driven DT to be considered by experts and policymakers as priorities in their
countries of reference, and for entrepreneurs’ keen on developing new markets for SDG
products, to support different segments, such as electricity, agriculture, legal, social, cities,
and others.

6. Conclusions

In this paper, several Al-Driven DT recommendations are ranked towards the imple-
mentation of the United Nations” SDGs for Brazil and Portugal. These recommendations
were obtained in a previous study [1,3], which analyzed the specialized literature to track
the current trends in the application of those technologies in the SDG field. Policy makers
can use this study as a guidance in promising DT to support SDG and create better invest-
ment planning for new digital products to bring more innovation for SDG achievements.

We point out that the rankings of the recommendations are merely a form of com-
parability in and between the countries analyzed, which means that the last preferable
technology must not be considered a “bad one”. From the 17 rankings, we have analyzed
which DT are among the highest contributors in the best ranked recommendations. As an
overall concluding remark, we state that Brazil and Portugal, as any other country, should
use Al-Driven DT to act as enablers of the SDGs.

These recommendations on Al-Driven DT are drawn from a comprehensive analysis
of the current literature as fundamental solutions to the advancement of SDGs, considering
the viewpoint of citizens, which should be relevant information for those who are keen
on developing new DT in their countries. We also remark on the importance of Al-Driven
DT in the education of people in SDGs, meaning that this whole family of technologies is
worth being invested in to improve the chances of Earth’s survival.

We remind of the relevance for companies, governments, and citizens to oversee
fighting for more Al-Driven DT investments and bringing accessibility of high-quality
data for people, enabling solutions to comply with the agenda of SDG 2030—especially
for cleaner production, which has a strong impact for more sustainable economic and
environmental dimensions. Additionally, this research may contribute to the clarification
of new technological developments in conjunction with universities and research centers
about Al-Driven DT to support SDGs, also contributing to the evolution of the digital
innovation theory in a different perspective.

This study is not out of limitations because they are restricted to Brazil and Portugal
under their social scenarios and criteria. The findings of providing Al-Driven DT prefer-
ences to reach the SDG 2030 Agenda may appear overly ambitious without triangulation,
with other sources of inputs, such as qualitative research with Al-Driven DT developers
and experts or focus groups discussing these quantitative results with policymakers. Yet,
the sample does not embrace all social levels, but it may serve as a buffer to mitigate insti-
tutional inefficiencies to develop technologies; therefore, we recommend its replication in
other countries, especially in those with less effort to reach SDGs for the sake of facilitating
the comprehension about Al-Driven DT implementation and usage.
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