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Abstract

The BRICS countries, comprising Brazil, Russia, India, China, and South Africa, aim to
achieve United Nations Sustainable Development Goal 8, which emphasizes sustainable
economic growth. This study adds to the empirical literature by examining the impact of
tax revenue and institutional quality on economic growth, incorporating the role of artifi-
cial intelligence (Al) in selected BRICS-Plus countries (the above-mentioned five coun-
tries) from 2012 to 2022. Utilizing the innovative Cross-Sectional Augmented Autore-
gressive Distributed Lag estimation technique, the analysis reveals a long-run equilibrium
relationship among the variables. The study employs a modified Cobb—Douglas production
function for its theoretical framework. The results indicate bidirectional causality between
tax revenue and Al, economic growth and institutional quality, as well as institutional qual-
ity and tax revenue. Based on these findings, the study recommends that BRICS govern-
ments and policymakers enhance the integration of Al into tax systems to promote growth
in both the short and long terms. However, it also advises caution regarding the interaction
between Al and institutional quality, which did not support economic growth. While the Al
and tax revenue interaction shows promise for fostering growth, robust measures are neces-
sary to mitigate potential negative effects from AI’s interaction with institutional quality.
Consequently, the study advocates for the development of Al-friendly institutional policies
in BRICS countries, considering the dynamic and rapidly evolving Al sector.
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Introduction

In August 2023, during the 15th BRICS Summit, South African President Cyril
Ramaphosa revealed that six emerging market nations—Argentina, Egypt, Ethiopia,
Iran, Saudi Arabia, and the United Arab Emirates—were invited to join the bloc. How-
ever, by December 29, 2023, Argentina formally withdrew its application, and while
Saudi Arabia has not officially joined, it actively participates in the organization’s activ-
ities as a guest. Consequently, this study concentrates on selected BRICS-Plus coun-
tries, due to their long-established bilateral relations characterized by principles of non-
interference, equality, and mutual benefit. The BRICS countries—Brazil, Russia, India,
China, and South Africa—comprise a diverse group of emerging economies notable for
their rapid technological advancements, varying capacities for revenue generation, and
differing levels of institutional development. These countries have become significant
global economic players, characterized by large populations, abundant resources, and
increasing influence. As they seek sustainable economic growth, understanding the arti-
ficial intelligence (AI)-tax revenue—institutional quality nexus becomes crucial. This
study investigates how these factors interact to influence growth in the selected BRICS-
Plus countries, driven by four key considerations: (1) AI’s potential to revolutionize var-
ious societal aspects, including taxation and institutions; (2) the challenge for BRICS to
achieve the United Nations Sustainable Development Goal (SDG) 8, which focuses on
sustainable economic growth; (3) the critical role of tax revenue and institutional qual-
ity in promoting or hindering economic growth; and (4) the research gaps in empirical
literature on economic growth that need thorough exploration.

In recent years, domestic resource mobilization (DRM) has gained prominence in
the economic development discourse in developing countries. DRM refers to generat-
ing savings from domestic resources and allocating them to socially productive invest-
ments, including private savings channeled through the financial sector and public
savings through borrowing and taxation (African Economic Outlook 2010). In Africa,
DRM, especially through taxation, is crucial for achieving the African Union’s Agenda
2063, Agenda 2030, and the SDGs. It serves as the primary financing source for devel-
opment on the continent. This explains why African countries strive to enhance their
fiscal capacity, aiming to increase tax revenue from around 20% of GDP to levels seen
in some Organization for Economic Cooperation and Development (OECD) countries,
which approach 40% (Boly et al. 2020).

Tax revenue plays a crucial role in a nation’s fiscal strategy, funding public services,
infrastructure, and social programs. Its effectiveness hinges on factors like tax policies,
administrative systems, compliance, and enforcement (Zimmermannova et al. 2016;
Akitoby 2018). The level of tax revenue collected is vital for government investment in
sectors essential to economic growth (Vinnitskiy 2020). Meanwhile, institutional qual-
ity, encompassing rule of law, transparency, political stability, and regulatory frame-
works, is foundational for economic activity, investment, entrepreneurship, and govern-
ance (Chhabra et al. 2023; Shi et al. 2023; Kashif et al. 2024). Strong institutions attract
both domestic and international investment by providing stability, predictability, and
trust (Chhabra et al. 2023). Additionally, with rapid advancements, Al holds the poten-
tial to revolutionize industries, societies, and economies by simulating human intelli-
gence to autonomously enhance productivity, efficiency, innovation in automation, data
analysis, and decision-making (Makridakis 2017).
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The BRICS countries recognize Al’s transformative potential in sectors such as health-
care, agriculture, and finance and are actively investing in Al technologies, implementing
policy initiatives, establishing research institutes, and supporting startups (Cyman et al.
2021; Dukhi et al. 2021). In taxation, technological advancements like Big Data, Analytics,
Al, Machine Learning, the Internet of Things (IoT), Mobility, and Cloud Computing are
poised to significantly impact tax administrations globally. These technologies offer intel-
ligent tools to improve taxpayer satisfaction, empower tax agency personnel, streamline
operations, and modernize services, driving digital transformation in tax systems.

Despite these efforts, BRICS countries still encounter challenges in these sectors. Tax
revenue remains vital to the fiscal systems of BRICS economies, representing a significant
share of government income (Neog and Gaur 2021). Each BRICS nation depends on vari-
ous tax revenue sources, such as oil and gas taxes, goods and services taxes, and corporate
taxes. Consequently, each country’s unique tax policies and challenges shape the overall
landscape of tax revenue in the BRICS group. Additionally, BRICS countries face institu-
tional challenges such as corruption, limited political freedoms, weak rule of law, bureau-
cratic inefficiencies, and inadequate service delivery (see, for example, World Bank 2020,
2021a; Slipowitz 2021; Transparency International 2022; Freedom House 2022). These
challenges affect the economic growth trajectory of these countries, influenced by factors
such as export-oriented manufacturing, infrastructure investments, the services sector, gov-
ernment reforms, domestic consumption, dependence on natural resources, international
sanctions, geopolitical influences, structural constraints, unemployment, and inequality
(World Bank 2021b; International Monetary Fund 2021).

Understanding the impact of Al on tax revenue and institutional quality in the BRICS
context is crucial for policymakers and researchers aiming to leverage AI’s potential ben-
efits for economic growth. Al can enhance tax administration, improve compliance, and
reduce tax evasion through sophisticated monitoring and data analysis, potentially increas-
ing tax revenue and socially productive investments. However, Al adoption in taxation may
also pose challenges related to privacy, security, and fairness, which could impact pub-
lic confidence in tax administration and have broader implications for economic growth.
AT’s integration into institutional quality can influence transparency, accountability, and
efficiency, contributing to more effective governance, improved service delivery, and data-
driven policy formulation. However, ethical considerations, lack of transparency, cyber-
security risks, and potential biases in Al algorithms need to be addressed to ensure Al
strengthens institutional quality (Ahn and Chen 2020).

Given the significant differences in institutional and governance quality among
BRICS countries (Singh 2022), it is crucial to explore how Al interacts with both insti-
tutional quality and tax revenue within the BRICS context. This exploration can provide
valuable insights into how institutions and tax systems can harness Al technologies to
enhance their effectiveness and foster economic growth. Figure 1 is a graphical rep-
resentation of the time paths for the main variables of interest in this study, focusing
on the BRICS countries. The preliminary information conveyed by the graphs indicates
that the four variables did not follow a similar time path throughout the study period,
underscoring the importance of investigating the interrelationships between these vari-
ables. To the best of the authors’ knowledge, few studies have examined these relation-
ships within the BRICS context. Therefore, the primary objective of this study is to
address this research gap. While Al, tax revenue, and institutional quality have indi-
vidually been recognized as significant factors influencing economic outcomes, there
is a need to understand the specific dynamics and implications of their interactions on
economic growth within the BRICS context (see, for example, Merrifield 2000; Castro
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Fig. 1 a Capital investment in artificial intelligence for BRICS countries; b institutional quality for BRICS
countries; ¢ GDP per capita for BRICS countries; d tax revenue for BRICS countries. Source: Authors’
Visualization

and Camarillo 2014; Javed, 2016; Alonso et al. 2020; Radhakrishnan and Chattopad-
hyay 2020; Ghahramani and Pilla 2021; Minh Ha et al. 2022; Jabeur et al. 2022, among
others).

Hence, the research questions this study seeks to address are: (1) What are the causal
relationships among the main variables of interest in the BRICS economies? (2) What
are the short- and long-run impacts of Al, tax revenue, and institutional quality on eco-
nomic growth in the BRICS economies? (3) What are the short- and long-run medi-
ating effects of Al on the impact of tax revenue on economic growth in the BRICS
economies? (4) What are the short- and long-run mediating effects of Al on the impact
of institutional quality on economic growth in the BRICS economies? (5) What policy
implications can be derived from the findings regarding the relationships between the
key variables of interest?

This study specifically explores how Al complements tax revenue and institutional
quality in both the short and long terms to promote economic growth in a panel of five
BRICS economies over the period 2012-2022. It also examines the causal relationships
between these variables in the BRICS countries over this period, using principal com-
ponent analysis to compute the institutional quality variable from six governance indi-
cators. In summary, the BRICS economies, marked by technological progress, revenue
generation disparities, and institutional variations, lack comprehensive insights into the
combined effects of Al, tax revenue, and institutional quality on economic growth. This
study aims to fill this gap by examining how the interactions between Al and tax rev-
enue, and Al and institutional quality, influence economic growth in BRICS countries.
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While Al, tax revenue, and institutional quality have been acknowledged as influential
factors, a critical gap exists in understanding the intricate interplay and consequences of
their interactions within the BRICS context.

By addressing this research objective, the study aims to shed light on unexplored
dimensions of economic dynamics within these countries. The findings could provide
valuable insights into the nuanced relationships between cutting-edge technology, fiscal
policies, and institutional frameworks, ultimately contributing to a deeper understand-
ing of how these factors collectively influence economic growth. Such insights hold sig-
nificance not only for academic discourse but also for policymakers, economists, and
business leaders invested in the growth and development of these dynamic economies.

Our research on BRICS countries contributes to existing literature in several ways.
Firstly, it investigates the causal relationships between Al, tax revenue, institutional
quality, and economic growth. Secondly, it examines the short- and long-term impacts
of Al, tax revenue, and institutional quality on economic growth. Thirdly, it explores the
interaction between Al and tax revenue on economic growth. Fourthly, it investigates
the interaction between Al and institutional quality on economic growth. Lastly, it dis-
cusses policy implications derived from the results obtained. We also consider issues
of homogeneity and cross-sectional dependence (CD) in the series under unit root and
cointegration techniques. Most panel series in the literature assume unrelated residual
terms, ignoring CD issues between countries. Accounting for CD issues is essential as
BRICS countries possess varying economic characteristics. We applied the panel cau-
sality technique proposed by Dumitrescu and Hurlin (2012), which considers heteroge-
neity among countries.

Additionally, to the best of our knowledge, this is the first study to employ the novel
Cross-Sectional Autoregressive Distributed Lag (CS-ARDL) technique proposed by
Chudik and Pesaran (2015). We primarily relied on the CS-ARDL approach due to its
advantages: (1) CS-ARDL is suitable for dynamic panel data analysis, capturing both
short- and long-term dynamics; (2) it accommodates cross-sectional heterogeneity,
acknowledging unique characteristics of each BRICS country; (3) it addresses endogeneity
issues by including lagged dependent variables and instrumental variables; (4) it offers a
more efficient way to deal with endogeneity and omitted variable bias compared to tradi-
tional pooled OLS models; and (5) it yields robust results in the presence of cross-sectional
dependence and can be applied to series with different orders of integration (Chudik and
Pesaran 2015).

Despite these justifications, the CS-ARDL model has limitations: (1) it is complex to
implement, requiring a thorough understanding of econometric techniques; (2) it assumes
linear relationships and may experience estimation challenges with structural breaks; (3)
results can be sensitive to model specifications, such as lag orders; and (4) it has demand-
ing computational requirements, leading to longer processing times and increased resource
needs. This study holds academic and policy significance in several ways: (1) it highlights
the joint effect of Al and tax revenue on growth in BRICS countries; (2) it underscores the
importance of the joint effect of Al and institutional quality on growth in BRICS countries;
and (3) it enhances understanding of how the interrelationship between Al, tax revenue,
and institutional quality can impact BRICS countries’ approach to Al, tax revenue, and
institutional sector policies. The primary theoretical contribution of this study is the use of
a modified Cobb—Douglas production function (Cobb 1928), following previous empirical
studies, to investigate the study’s objectives.

The paper is structured as follows: Sect. 2 covers the literature review and development
of hypotheses. Section 3 outlines the methodology and data. Section 4 discusses the results
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of the empirical analysis, followed by policy implications and additional discussions in
Sect. 5. The study concludes in Sect. 6.

Literature review and hypotheses development

This literature review explores the evolving relationship between Al, tax revenue, insti-
tutional quality, and economic growth (Maruta et al. 2020; Ashraf et al. 2022; Kibria and
Toufique 2023). It provides a comprehensive analysis of studies on how taxation impacts
growth, noting that effects vary depending on whether tax policies are viewed through
endogenous or exogenous (neoclassical) growth theories. Researchers have examined this
by analyzing different tax components, rates, policies, and reforms.

Economic theory suggests that taxes variably impact economic growth. Some scholars
find that growth boosts tax revenues and the tax-to-GDP ratio, while others report con-
flicting outcomes. For example, Hamdi and Sbia (2013) link tax revenue positively to
growth, yet Folster and Henrekson (2001) find the opposite. Distortionary taxes generally
hinder growth (Cashin 1995; Kneller et al. 1999). Fiscal deficits up to 1.5% of GDP sup-
port growth, but beyond that, they impede it (Adam and Bevan 2005). Gill et al. (2006)
included tax revenue as a fiscal policy variable to demonstrate the negative impact of tax
revenue shocks on growth. In contrast, studies also show bidirectional causality between
tax revenue and growth (Pula and Elshani 2018) and examine tax rate impacts on growth,
noting that high integrity countries respond more positively to tax changes than corrupt
ones (Cerqueti and Coppier 2011).

Hatfield (2015) assessed the impact of tax decentralization on growth using an endog-
enous growth model, finding that decentralized governments optimize tax policies to
enhance growth, unlike centralized ones. Jaimovich and Rebelo (2017) identified a non-
linear link between low tax rates and minimal impact on growth. Thomas (2017) analyzed
India’s service taxation (1994-1995), revealing significant income elasticity despite low
tax-to-GDP. Gurdal et al. (2021) studied G-7 nations (1980-2016) and found bidirectional
causality between tax revenue, growth, and government spending. In Bangladesh, Rah-
man and Siddiquee (2022) used the ARDL method, noting bidirectional causality between
direct tax and growth, and a negative long-run effect of indirect tax on growth.

Ojede and Yamarik (2012) analyzed the impact of tax policy on income growth
across 48 US states (1967-2008), finding that property and sales taxes hinder long-term
growth, while income taxes have no significant effect. Gnangnon (2024) expanded this
focus by examining tax transition reforms in 101 developing countries (1980-2019),
reporting positive growth impacts even in nations with high non-resource tax revenues.
Pradhan et al. (2022) further analyzed financial market development’s role in OECD
and non-OECD countries, linking both financial growth and taxation propensity to posi-
tive long-term growth. In Nigeria, Adefolake and Omodero (2022) found that petroleum
profit tax and VAT boost growth, while company income tax hampers it. Khujamkulov
and Abizadeh (2023) observed that higher tax revenue-to-GDP ratios drive growth in
transitional economies. However, Gechert and Heimberger (2022) revealed a publication
bias favoring corporate tax cuts’ growth-enhancing effects, finding no significant growth
effect upon adjustment. Ho et al. (2023) reported that tax revenue supports growth in
29 developing countries, with trade openness amplifying this effect. Amoh et al. (2023)
found that institutional quality moderates tax evasion’s impact on GDP per capita in
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Ghana, while Shi et al. (2022) observed that China’s 2004 VAT reform improved firms’
productivity and industrial upgrading.

These studies examine the intricate relationships between taxation, economic growth,
institutional quality, and trade openness. Hatfield (2015), Gurdal et al. (2021), and Rah-
man and Siddiquee (2022) emphasize the complex dynamics between tax policy and
economic outcomes, while Jaimovich and Rebelo (2017) and Gechert and Heimberger
(2022) address the nuanced effects and limitations of tax rates and tax cuts. Ojede and
Yamarik (2012) and Adefolake and Omodero (2022) show that tax types, such as prop-
erty, sales, income, and VAT, impact growth differently across diverse economies. Prad-
han et al. (2022) and Ho et al. (2023) highlight the roles of financial markets and trade
openness in shaping these tax-growth dynamics. Based on these theoretical and empiri-
cal insights, a hypothesis is proposed to further investigate these relationships.

H,: Tax revenue positively influences economic growth in both the short and long
run in selected BRICS-Plus countries.

Research has extensively explored the determinants of economic growth across
national and global contexts, highlighting trade openness, technological progress, gov-
ernment size, and income distribution as influential factors (Barro 1991; Levine and
Renelt 1992). Recently, the focus has shifted toward institutional quality as a key factor
explaining economic differences across regions (Ashraf et al. 2022; Kibria and Toufique
2023). Hashim et al. (2011), for example, found that institutional quality had a signifi-
cant impact on economic performance in 27 Sub-Saharan African countries from 1984
to 2003, while other control variables showed limited effects.

Sathyamoorthy and Tang (2018) examined how institutional quality influences the
export-growth relationship across 119 countries (1990-2010), finding that institu-
tional quality significantly mediates this nexus, particularly in middle-income coun-
tries. Ashraf et al. (2022) extended this by addressing spatial factors in Belt and Road
Initiative (BRI) economies, using spatial econometrics on data from 86 countries
(1995-2019). Their findings reveal spatial dependencies in economic growth, with
neighboring countries’ institutional quality and openness providing positive spillovers.
Kibria and Toufique (2023) further highlighted governance’s role in socio-economic
outcomes, applying both linear and nonlinear ARDL models to demonstrate govern-
ance’s impact on quality of life over time. These studies, while distinct in methodol-
ogy, underscore the vital role of institutional quality in economic performance. Ashraf
et al. emphasize external spatial influences, while Kibria and Toufique focus on internal
governance dynamics, together showing that strong institutions foster economic growth
and regional benefits. This convergence supports the hypothesis that institutional quality
positively impacts growth. Consequently, we put forward the following hypothesis:

H,: Institutional quality has a positive effect on economic growth in both the short
and long run in selected BRICS-Plus countries.

Al research largely focuses on its effects on economic indicators like growth, pro-
ductivity, and technical innovation, among others (Hémous and Olsen 2022; Aghion
et al. 2018; Brynjolfsson et al. 2019). Graetz and Michaels (2018) found total factor
productivity as a main channel for Al-driven growth. Acemoglu and Restrepo (2018a,
2018b) showed that Al could address aging population challenges by increasing produc-
tivity. Qiu et al. (2021) developed a model associating technological progress with GDP
growth under the "Belt and Road" initiative. Lu (2021) observed short-term growth and
utility gains from AI’s role in production, while Bandari (2019) highlighted AI’s impact
on revenue growth in small businesses in developing countries.
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Kopka and Fornahl (2024) examine how latecomer firms adopt Al to develop new
technological paths. They find that smaller firms operating at the productivity fron-
tier experience productivity gains from Al, whereas larger firms see greater benefits in
innovation, which challenges the leapfrogging hypothesis. Lundvall and Rikap (2022)
explore China’s rise in Al, emphasizing the simultaneous evolution of Corporate and
National Innovation Systems, inspired by Freeman’s study of Japan. Their findings
highlight China’s strengths in AI adoption and output driven by government invest-
ment, which benefits firms like Baidu and Tencent. However, they also note challenges
in attracting top talent, setting standards, and advancing semiconductor technology.
Additionally, Sabir and Qamar (2019) and Fernandez-Rodriguez et al. (2023) under-
score the influence of fiscal and institutional dynamics on economic outcomes, with
focuses on growth and tax rates, respectively. Across these studies, Zhao et al. (2022),
through Kopka and Fornahl (2024), agree on Al’s transformative potential but vary in
their assessments of its economic impacts and sustainability, especially regarding labor
and innovation across firm sizes. Lundvall and Rikap’s (2022) study uniquely incorpo-
rates China’s geographical and strategic position in the global Al landscape, balancing
strengths and challenges. Therefore, based on discussion of the above empirical studies,
we formulate the following hypothesis:

H;: Al has a positive effect on economic growth in both the short and long run in
selected BRICS-Plus countries.

There is extensive research on diverse tax structures, institutional quality, and
economic growth. However, to our knowledge, there are few studies that specifically
explore the unique contributions of Al to enhancing tax revenue and institutional qual-
ity, to foster growth in BRICS countries through the innovative CS-ARDL method.
Consequently, we put forward the following hypotheses:

H,: Al is positively associated with the relationship between tax revenue quality and
economic growth in both the short and long run in selected BRICS-Plus countries.

Hi: Al is positively associated with the relationship between institutional quality and
economic growth in both the short and long run in selected BRICS-Plus countries.

This study is undertaken with the goal of proposing policies that will assist BRICS
countries in achieving Sustainable Development Goal 8, which is centered on sustain-
able economic growth.

Empirical methodology and data
Empirical strategy

This study’s empirical strategy includes principal components analysis (PCA), descrip-
tive statistics, scatter plots, panel unit root tests, slope homogeneity tests, cross-sec-
tional dependence (CD) tests, CIPS panel unit root tests, first- and second-generation
panel cointegration tests, FMOLS, DOLS, Dumitrescu and Hurlin (2012) panel causal-
ity tests, and Augmented Mean Group (AMG) estimation. While not all estimated equa-
tions are shown, the CS-ARDL model is the primary approach. The panel AMG estima-
tor (Eberhardt and Bond 2009; Eberhardt and Teal 2010) is also employed to ensure
robustness against cross-sectional dependence and slope heterogeneity. Figure 2 pro-
vides a visual summary of the methodology (Table 1).
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Summary of the Econometric approaches

STEP 1: Principal Component @

H

STEP 2: Descriptive statistics
STEP 3: Scatter plots Analysis

STEP 4: Slope homogeneity te

STEP 5: Cross-sectional depend@
STEP 6: Panel unit root test

STEP 7: Cointegration test
STEP 8: Panel Causality test

STEP 9: Panel CS-ARDL EstinD

STEP 10: Panel AMG Estimation

Fig.2 Summary of econometric approaches. Source: Authors’ Design

Table 1 Acronyms. Source: Authors’ Design

Al Artificial intelligence

BRICS Brazil, Russia, India, China, and South Africa,

CS-ARDL Cross-Sectional Augmented Autoregressive Distributed Lag
SDG United Nations Sustainable Development Goal

DRM Domestic resource mobilization

OECD Organization for Economic Cooperation and Development countries
IoT Internet of Things

CD Cross-Sectional Dependence

OLS Ordinary least squares

ARDL Autoregressive Distributed Lag

VAT Value-Added Tax

BRI Belt and Road Initiative countries

SGMM System Generalized Method of Moments

ETRs Effective Tax Rates

FMOLS Fully Modified Ordinary Least Squares

DOLS Dynamic Ordinary Least Squares

AMG Augmented Mean Group
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Theoretical underpinning and empirical model specification

This paper is grounded in the Cobb—Douglas (1928) and Solow-Swan (1956) production
functions, modified to examine Al, tax revenue, institutional quality, and economic growth
within BRICS. Al technologies enhance productivity through automation and data analyt-
ics, leading to economic expansion and increased output (Schumpeter 1934). As Al adop-
tion spreads, technological spillovers foster innovation across sectors, supporting a culture
of competitiveness (Romer 1986; Lucas 1988). Higher profits from Al-driven productivity
increase the taxable income base, potentially raising government revenue for public invest-
ment (Mill 1845 ; Czarnitzki et al. 2011). Tax incentives for Al R&D can further promote
economic growth while shaping the technological landscape (Czarnitzki et al. 2011; Chand
et al. 2020).

Institutional quality, particularly regulatory frameworks, is vital for Al adoption. Trans-
parent policies reduce uncertainties and encourage Al innovation, while intellectual prop-
erty protection boosts investment confidence (Hare 2001). Although Al may initially dis-
rupt employment and industry structures, it ultimately leads to sustainable growth and
economic transformation. Institutional adaptation is key to maximizing AI’s benefits.
Overall, the theoretical framework underscores Al’s transformative impact on growth, sup-
ported by institutions that mediate short- and long-term outcomes. This dynamic is mod-
eled by a Cobb-Douglas function with constant returns to scale:

Yi,t :f(Ki,t’Li,t) (N

Y = AK L @)
where Y, k, L and A denote GDP per capita (GDPPC), capital, effective labor, and technical
progress/efficiency, respectively. According to the Solow-Swan growth model, technologi-
cal progress is a crucial factor in driving output. Al, being a transformative technology, can
enhance productivity and spur innovation, thereby increasing output. This model suggests
that AD’s capabilities in automating tasks, optimizing processes, and making predictions
can significantly boost efficiency and productivity across various sectors (Aghion et al.
2018; Furman and Seamans 2019). Furthermore, Al can stimulate the generation of new
ideas and technologies, promoting sustained economic growth (Brynjolfsson and McAfee
2014). Additionally, rapid economic growth during the production process is influenced by
several factors, including tax revenue and institutional quality, among others. Since vari-
able A includes various policy-related variables that are not explicitly represented in the
equation, we expand our model to incorporate tax revenue and institutional quality through
the technical progress parameter to empirically assess their impact on output (Bassanini
and Scarpetta 2002; Saba 2020). Thus, the augmented output function can be formulated a

DPPCi,z :f(Xi,t) 3)
LGDPPC;, = f, + 23X, )
LGDPPC;; = fy + 2pX;, + ¢, 3)
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where LGDPPC and X denote the log of GDPPC (proxy for economic growth) and regres-
sors,! respectively. The initial econometric models, which were subsequently transformed
into the CS-ARDL model and estimated, are provided below:

Model 1:
LGDPPC;, = f, + 2,LAL, + 3,LGFCF, + 3;LTAXR,, ;
+2,LLHUM,, + JINSQTY,, + €, ©
where f#, 14, ...,2,, and €, represent the constant term, coefficients, and the error term,

respectively. In Model 1, the interaction terms between LAI and LTAXR, as well as LAI
and INSQTY, are omitted. The subsequent models (Models 7-8) incorporate these interac-
tion terms step by step.

Model 2: Analyzing LAI and LTAXR interaction

LGDPPC,, = f, + 3,LAL, + 3,LGFCF, + 2;LTAXR, + 2,LHUM,,
+ 25INSQTY,, + J4LAI, * LTAXR,, + £, @

Model 3: Analyzing LAI and INSQTY interaction

LGDPPC,, = ; + 3,LAI, + 3,LGFCF, + 2,LTAXR, + 3,LLHUM,,
+ 2INSQTY,, + 2,LAIL,  INSQTY,, + £, ®)

We outline the CS-ARDL model below, which is derived from the equations mentioned
above.

1

ALGDPPC, = §; +¢&(LGDPPC,,_, = 3,X,,, - ,LGDPPC,_, - A%, )

p—1
+ ) 7;ALGDPPC,,_;
“ ©)
v—1
+ ) T;AX,,_; +#,,ALGDPPC, + #,,AX, + u,
j=0

where ALGDPPC, X; ,, LGDPPC,_; & )_(H, ALGDPPC;,_&AX;, ALGDPPC,&A)_(, and
u;, represent the dependent variable, all independent variables in the long run, the long-run
mean of the dependent and explanatory variables, the dependent and independent variables
in the short run, the short-run mean of the dependent and independent variables, and the
error term, respectively. Furthermore, j, t, 3y;, 7y, I', @y; and @, represent the cross-sec-
tional dimension, time period, long-run coefficients of the independent variables, short-run
coefficients of the dependent variable, short-run coefficients of the independent variables,
short-run mean of the dependent variables, and short-run mean of the independent vari-
ables, respectively. The specifics of the dependent and independent variables are detailed
in Table 2.

! Due to the governing rules, it is important for the reader to take note that we did not log variables with
negative values.
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Table 3 Principal component and correlation matrix results for institutional quality. Source: Authors’ Com-
putations

Institution quality variables

Compnnt Eigenvalue Difference Proportion Cumulative

Principal component results

Compnnt 1 3.289 1.919 0.548 0.548
Compnnt 2 1.350 0.486 0.228 0.776
Compnnt 3 0.884 0.615 0.147 0.924
Compnnt 4 0.269 0.137 0.045 0.969
Compnnt 5 0.132 0.077 0.022 0.990
Compnnt 6 0.056 0.009 1.000

Institution quality variables

Variables Compnnt 1 Compnnt2 Compnnt3 Compnnt4 Compnnt5 Compnnt6 Unexplained

Principal components eigenvectors results

WGlIc 0.510 —0.106 —0.038 0.586 —0.456 0.421 0.131
WGlg 0.381 —0.512 0.344 —0.099 0.630 0.261 0.163
WGIp 0.021 0.626 0.702 0.293 0.170 —0.027 0.462
WGlreg 0.477 0.170 0.236 -0.719 -0.411 0.042 0.211
WGIr 0.533 —0.009 —0.147 0.192 0.114 —0.803 0.067
WGIv 0.288 0.553 -0.557 —0.088 0.431 0.327 0.307
Correlation matrix ii iii iv v vi
results i

() WGIc  1.000

(i) WGIg  0.654%+* 1,000
(0.000)

(i) WGIp  —0.044%++ —0.193%+% 1,000
(0.514) (0.004)

(iv) 0.681%%%  0.537#%%  0.259% 1000

WGlIreg  (0.000) (0.000) (0.000)

(V) WGIr  0.903%F%  0.622%%%  —0.043%%% (.759%+ 1000
(0.000) (0.000) (0.527) (0.000)

(Vi) WGy~ 0.390%#%  —(.153%% (. 15% 0460+  0.558%%%  1.000
(0.000) (0.023) (0.026) (0.000)  (0.000)

Note: **¥p<0.01; **p<0.05; *p<0.1 indicate levels of statistical significance, p value in parentheses.
Here compnnt is component Source: Authors’ computation using WDI, WGI and ITU data

Data and variables description

This study analyzes annual panel data from 2012 to 2022 for the BRICS countries—Brazil,
China, India, Russia, and South Africa—chosen due to increased Al integration across sec-
tors during this period (Cyman et al. 2021). The time frame provides current data, sourced
from OECD, World Bank’s WDI, and World Governance Indicators (WGI), enabling rel-
evant policy analysis despite limitations in capturing long-term trends. Institutional qual-
ity, represented by six indicators detailed in Tables 2 and 3, was assessed using Principal

@ Springer
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Scree Plot of Eigenvalues after PCA for Institutional Quality
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Fig. 3 Scree plot for institutional quality. Source: Authors’ Visualization

Table 4 Descriptive statistics results. Source: Authors’ computations

LGDPPC LAI LTAXR LGFCF LHUM INSQTY

Mean 8.699 18.624 2.600 3.168 4.628 0.000
Median 9.039 18.246 2.567 3.064 4.625 —0.115
Maximum 9.323 24.586 3.231 3.796 4.703 5.584
Minimum 7.199 11.002 2.091 2.572 4.562 —2.887
Std. Dev 0.660 3.093 0.340 0.369 0.038 1.814
Skewness -1.276 0.082 0.726 0.394 0.295 0.818
Kurtosis 3.022 2.672 2.392 1.947 2.042 4.590
Jarque-Bera 59.726 1.233 22.740 15.85703 11.593 47.692
Probability 0.000 0.540 0.000 0.000 0.003 0.000
Observations 220 220 220 220 220 220

Component Analysis (PCA). Table 2 lists all study variables, offering insights into Al, tax
revenue, institutional quality, and economic growth in BRICS countries.

Empirical results and discussion

Preliminary analysis

Principal component analysis

Table 3 summarizes the principal component analysis (PCA) used to create an insti-
tutional quality (INSQTY) index for BRICS countries by combining six governance
indicators. The correlation matrix confirms strong correlations among the indicators,
validating PCA’s use (Saba and Ngepah 2022a, b, c¢). The first component, with an

eigenvalue of 3.289, explains 54.8% of the total variance, making it the most informa-
tive. Governance indicators, particularly rule of law (WGIr), control of corruption

@ Springer
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Scatter plots and fitted lines of Al-tax revenue-institutional quality-growth nexus

v wn
o o o °
° o0 ®
- o o oW o see, o S - k:oo Son o
© T ewm e @ @00 o — Y
© el
© (=]
w wn
~ ° ..o. % °© ~ .o". o @
~ ~
T T T T T T T T
10 15 20 25 2 2.5 3 3.5
Al Tax Revenue
lo real GDP per capita — Fitted values l l. real GDP per capita Fitted values]
©
o L]
°
i ® Sy .
9 L4
©
©
2 o .
~
T T T T T T
-4 -2 0 2 4 6

Institutional Quality

® real GDP per capita — Fitted values

Fig.4 Scatter plots graphical presentation. Source: Authors’ Visualization

(WGIc), and regulatory quality (WGIreg), show high loadings, highlighting their influ-
ence on institutional quality. The scree plot in Fig. 3 supports focusing on this compo-
nent as it best captures institutional quality across BRICS.

Summary statistics and scatter plot analysis

Table 4 presents statistical summaries of the study variables for BRICS countries. The
mean and median for LGDPPC, LAI, LTAXR, LGFCF, LHUM, and INSQTY are 8.699
(9.039), 18.624 (18.246), 2.600 (2.567), 3.168 (3.064), 4.628 (4.625), and 0.000 (—0.115),
respectively, indicating high economic growth, Al investments, stable tax revenue, gross
fixed capital formation, and human capital, but diverse institutional quality. LGDPPC is
negatively skewed, while LAI is near-normal. LTAXR, LGFCF, LHUM, and INSQTY
show positive skewness, with Jarque-Bera tests confirming non-normality in most vari-
ables. Scatter plots suggest inverse relationships between LGDPPC and other explanatory
variables (see Fig. 4).

Table 5 Slope homogeneity

results. Source: Authors’ Test statistics (deL.ta) Value p value
computations Ay 14.244%%% 0.000
Addjden 15.567%%% 0.000

#Hk ok and * denote significance at 1%, 5% and 10%, respectively
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Table 6 Cross-sectional
dependence (CD) test results.
Source: Authors’ computations

Table 7 Panel unit root test
results. Source: Authors’
computations

Table 8 CIPS panel unit root
test results. Source: Authors’
computations

@ Springer

Variables Pesaran test Breusch—Pagan LM test
Statistic P value Statistic P value
LGDPPC — 1.02%s%: 0.000 139.890%** 0.000
LAI 12.42%%% 0.000 67.825%%* 0.000
LTAXR 3.3 0.000 56.706%** 0.000
LGFCF 8.80%** 0.000 57.796%** 0.000
LHUM — 2. 74k 0.000 114.674%%* 0.000
INSQTY 13.85%%:k:% 0.000 215.232%#* 0.000

*##%p <0.01, **p<0.05, and *p<0.1 are significance levels, respec-

tively, that denote rejection

of null hypothesis

Series Model Levels First difference
LGDPPC LLC —1.523%* (0.064) —7.732%%* (0.000)
IPS 0.482 (0.685) —9.015%** (0.000)
LAI LLC —0.970 (0.570) —6.520*** (0.000)
1PS 0.506 (0.694) —7.720%** (0.000)
LTAXR LLC 0.394 (0.653) —6.296*** (0.000)
IPS 0.036 (0.514) —7.317%%* (0.000)
LGFCF LLC —0.634 (0.263) —6.188*** (0.000)
IPS —0.405 (0.343) —7.354%%* (0.000)
LHUM LLC 0.866 (0.807) —7.860*** (0.000)
1PS 1.421 (0.922) —7.387%%* (0.000)
INSQTY LLC 3.919 (1.000) —9.217%%* (0.000)
1PS 2.756 (0.997) —7.514%%* (0.000)

Null: Unit root (assumes common unit root process): Levin, Lin &
Chu (t*). Null: Unit root (assumes individual unit root process): Im,

Pesaran and Shin (W-stat).

##%p <0.01, **p<0.05, and *p<0.1 are

significance levels, respectively

Variables Levels 1st Difference
LGDPPC -1.223 —6.190%**
LAI -1.915 —6.188%**
LTAXR -1.569 —6.288%**
LGFCF -1.679 —6.18]%**
LHUM -0.762 —6.187%**
INSQTY —1.380 —6.487%*x*

* #% and *#* denote statistically significant at the 1%, 5%, and 10%
level, respectively. The critical values of CIPS test at 10%, 5%, and 1%

significance levels are: —2.

trend, respectively

21, —2.33, and —2.55 for no intercept nor
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Table 9 Johansen—Fisher panel cointegration test results. Source: Authors’ computations

H, H, Trace test Maximum eigenvalue test
A-trace statistic p value H, H, A-max statistic p value

r=0 r>1 62.44% %% 0.000 r=0 r>1 34.03%** 0.000
r<l r>2 107.0%** 0.000 r<l r>2 83.46%** 0.000
r<2 r>3 245. 7% 0.000 r<2 r>3 217.6%%* 0.000
r=3 r>4 145.5%%* 0.000 r=3 r>4 122.6%** 0.000
r<4 r>5 59.51%** 0.000 r< r> 49.91%%* 0.000
r<s r>6 28.07%** 0.002 r<5 r>6 28.07%%* 0.002

*Rejection of the null hypothesis of no cointegration at least at the 10% level of significance. Probabilities
are computed using asymptotic Chi-square distribution

Table 10 Westerlund panel
cointegration tests. Source:

Authors’ computations

Table 11 Optimum lag length
selection results. Source:

Authors’ computations

Statistic Value Z value P value Robust P value
G, —1.386%* 2.481 0.193 0.060
G, —4.873% 2.359 0.191 0.070
P, —2.411%* 2.209 0.186 0.010
P, —3.051%* 1.845 0.167 0.090

* %%k and *** represent significance at the 1%, 5%, and 10% levels,
respectively; number of replications to obtain bootstrapped p values
is set to 100; bandwidth is selected according to the data depending

rule 4(%)2/9 =~ 3 recommended by Newey and West (1994); Barlett is
used as tfle spectral estimation method

Lag AIC SIC HQIC

0 6.321 6.421 6.361

1 —16.354 —15.649* —16.068*
2 —16.042 —14.733 —15.512
3 -15.767 —13.854 —14.992
4 —15.599 —13.082 —14.580
5 —16.908%* —13.786 —15.644

*Indicates lag order selected by the criterion. AIC is Akaike informa-
tion criterion; SIC is Schwarz information criterion;

Hannan—Quinn information criterion

Slope homogeneity, cross-sectional dependence (CD), panel unit root analysis

Table 5 reports the results of the slope homogeneity test, following Pesaran and Yama-
gata (2008). Both A (delta) and A_adj (adjusted delta) statistics are highly signifi-
cant (p=0.000), rejecting the null hypothesis of homogeneous slopes at the 1% level.
This indicates significant heterogeneity in slope coefficients across BRICS countries,
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Table 12 FMOLS and DOLS estimates. Source: Authors’ computations

FMOLS DOLS
Variables Coefficient Std. Error Prob Coefficient Std. Error Prob
PANEL A
LAI 0.064%** 0.026 0.015 0.004%#* 0.002 0.044
LTAX —0.071%%* 0.037 0.053 0.185%%% 0.037 0.000
LGFCF 0.106%** 0.026 0.000 0.132%%* 0.046 0.005
LHUM —0.556%#* 0.022 0.000 —0.37 1% 0.137 0.007
INSQTY —0.007 0.035 0.845 —0.010%%* 0.002 0.000
R-squared 0.977 0.999
Adjusted R-squared 0.976 0.998
Observations 215 215 215 215 215 215
PANEL B
LAI 0.246%** 0.026 0.000 0.146%** 0.037 0.000
LTAX 1.219%** 0.037 0.000 0.856%** 0.268 0.002
LGFCF —0.104%%* 0.028 0.000 —0.005 0.103 0.960
LHUM —0.175%%%* 0.024 0.000 0.025 0.385 0.949
INSQTY —-0.021 0.035 0.547 0.022%** 0.008 0.003
LAT* LTAXR —0.045%* 0.021 0.035 —0.048##* 0.014 0.001
R-squared 0.918 0.991
Adjusted R-squared 0.914 0.989
Observations 215 215 215 215 215 215
PANEL C
LAI —-0.002 0.003 0.405 —-0.002 0.003 0.483
LTAX 0.087** 0.045 0.055 0.137%* 0.053 0.011
LGFCF 0.111%** 0.045 0.015 0.101%%* 0.051 0.049
LHUM —0.714%#%%* 0.164 0.000 —0.598%** 0.182 0.001
INSQTY 0.045%** 0.015 0.003 0.038%* 0.018 0.039
LAT*INSQTY —0.0037*** 0.001 0.001 —0.002%* 0.001 0.011
R-squared 0.999 0.999
Adjusted R-squared 0.999 0.999
Observations 215 215 215 215 215 215

*##%p <0.01; **p <0.05; *p<0.1. Probability values in bracket, while the dependent variable is real GDP
per capita

meaning the relationship between variables differs by country, suggesting diverse rela-
tionships between variables. Table 6 presents cross-sectional dependence tests using
Pesaran (2004) and Breusch—Pagan (1980) techniques. The results show significant
dependence among variables, with 1% significance across tests, suggesting economic
variables in one BRICS country influence others, emphasizing BRICS countries’ eco-
nomic interdependence. Table 7 shows panel unit root tests (LLC, IPS) revealing non-
stationarity at levels for most variables, but stationarity at first differences (significant at
1%), indicating they are integrated of order one, I(1). Table 8’s CIPS test corroborates
this, confirming stationarity at first differences, validating the data for further economet-
ric modeling with cointegration and dynamic panels.
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The cointegration, fully modified least squares (FMOLS), and dynamic OLS (DOLS)

long-run analysis

The cointegration analysis in Tables 9 and 10 confirms a long-run relationship between
economic growth and explanatory variables in BRICS countries. Table 9’s Johansen—Fisher
panel cointegration test reveals twelve cointegrating vectors with p values below 1%,

Table 14 Panel CS-ARDL
estimates. Source: Authors’
computations

@ Springer

Variables [€))] 2) 3)
CS-ARDL 1 CS-ARDL2  CS-ARDL 3
Short-run est
AINSQTY 0.006%** 0.020%%#%* 0.307*
(0.002) (0.006) (0.163)
ALAI 0.004* 0.004 —0.009
(0.002) (0.012) (0.010)
ALTAX —0.054%** —0.099%%* 0.076%*
(0.015) (0.041) (0.034)
ALGFCF 0.030* 0.295%%* 0.480%#%*
(0.018) (0.066) (0.075)
ALHUM 0.084* 0.228 0.668
(0.048) (0.361) (0.535)
ALAT* LTAXR 0.004*
(0.002)
ALATI*INSQTY —0.015%
(0.008)
Adjust. Term
ECT — 1.054#%%* — 1.295%#* — 1.480%#*
(0.015) (0.066) (0.075)
Long-run EST
LR_INSQTY 0.006%%* 0.015%** 0.189*
(0.002) (0.005) (0.101)
LR_LAI 0.004* —0.004 —-0.007
(0.002) (0.009) (0.007)
LR_LTAX -0.002 —0.080%* 0.049%*
(0.012) (0.032) (0.020)
LR_LGFCF 0.028 0.017 0.022
(0.017) (0.121) (0.081)
LR_LHUM 0.079* 0.158 0.444
(0.044) (0.032) (0.347)
LR_LATI*LTAXR 0.004*
(0.002)
LR_LAI*INSQTY —0.009*
(0.005)
Observation 210 210 210
R-squared 0.84 0.53 0.65

Standard errors in parentheses; *, **, and *** represent significance at

the 1%, 5%, and 10% levels respectively.
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Table 15 Robustness test results

using AMG estimator. Source: Variables M @ ®
Authors’ computations AMG 1 AMG 2 AMG 3
INSQTY 0.008** 0.004 0.223%**
(0.003) (0.005) (0.108)
LAI 0.006%** -0.121 —0.004
(0.002) (0.238) (0.004)
LTAX 0.151 —-0.544 0.178%**
(0.156) (1.454) (0.044)
LGFCF 0.778** 0.131* 0.057
(0.339) (0.075) (0.101)
LHUM -0.176 0.004%* 0.734%*
(0.269) (0.001) (0.331)
ALAI* LTAXR 0.943%%*
(0.261)
ALAI*INSQTY —0.010%*
(0.005)
Constant 8.878%H* 9.992%%* 7.107%**
(1.097) (0.455) (1.863)
Obs 220 220 220
Wald Chi? 82.94#%* 3.75%** 41.84%**

Standard errors in parentheses; *, **, and *** represent significance at
the 1%, 5%, and 10% levels respectively

indicating a stable equilibrium. Westerlund (2007) cointegration test results in Table 10,
considering cross-sectional dependence, further validate this with significant G,, G,,, P, and
P, statistics (p<10%), showing interconnections among BRICS economies (Khan et al.
2020). Table 11’s lag selection based on SIC and HQ criteria recommends a lag length of
1, enhancing model accuracy by capturing dynamics without overfitting.

Table 12 applies FMOLS and DOLS techniques for robust estimation, highlighting pos-
itive effects of Al, tax revenue, and capital formation on growth (Pedroni 2001, 2004).
Under DOLS, a 1% increase in Al, tax revenue, and capital formation boosts growth by
0.004%, 0.185%, and 0.132%, respectively (see Panel A). Conversely, human capital and
institutional quality negatively impact growth, aligning with endogenous growth theory
(Romer 1986; Pradhan et al. 2022). The interactions between Al and tax revenue and
between Al and institutional quality yield negative impacts, indicating complexities intro-
duced by AI within current frameworks (see Panel B and C of Table 12). High R-squared
values confirm model fit, with findings resonating with the broader literature, including
works by Romer (1986, 1990), Lucas (1988), Rebelo (1991) and Pradhan et al. (2022),
which suggest that the impacts of technology and policy interventions can be nuanced and
context-dependent. This leads us to investigate the causality relationships that may exist
between our variables of interest.

@ Springer
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’ Summary of the Causality Results ‘

’ Unidirectional Causality ‘

’ Bidirectional Causality ‘
LGDPPC

e DEEEERC W
INSQTY ’ Bidirectional Causality ‘

Fig.5 Summary of the causality results. Source: Authors’ Design

Panel causality, CS-ARDL, and robustness checks analysis

Table 13 presents the Dumitrescu and Hurlin (2012) panel causality test results, show-
ing complex interdependencies among Al, tax revenue, institutional quality, and eco-
nomic growth in BRICS countries. A two-way causality exists between economic growth
(LGDPPC) and institutional quality INSQTY), implying mutual reinforcement; better per-
forming institutions boost growth, which, in turn, strengthens institutions. Similarly, a two-
way causality between Al (LAI) and tax revenue (LTAXR) suggests that Al enhances tax
collection efficiency, incentivizing further Al investments, aligning with studies showing
Al-driven technologies or ICT potential to improve tax administration efficiency (Berdieva
2019; Gorshkova et al. 2022). The causality between tax revenue and institutional quality
highlights how robust governance improves tax collection, enabling institutions to expand
further, as shown by Syarifuddin and Damayanti (2015) and Ricciuti et al. (2019). Eco-
nomic growth drives Al investments (unidirectional causality), indicating that economic
expansion fuels Al advancement in BRICS countries. The causal link from tax revenue
to growth supports Takumah and Iyke (2017) but challenges the argument by Pula and
Elshani (2018) and Gurdal et al. (2021) that high taxes could deter growth. However, no
causality between Al and institutional quality suggests that Al does not directly impact
institutions, potentially due to regulatory adaptation lag or limited enforcement. Figure 5
provides a summary of the causality results.

Table 14 presents CS-ARDL estimates, revealing significant short-run and long-run
relationships. The error correction term (ECT) in all models (-1.054, -1.295, and -1.480)
indicates that economic growth quickly returns to equilibrium after short-run deviations.
High R-squared values confirm the model’s accuracy in predicting growth dynamics.
Short-run estimates show a positive impact of institutional quality on growth, especially
in Columns 1 and 2, aligning with Acemoglu et al. (2005), emphasizing institutions’ role
in stability. Long-run coefficients also confirm that strong institutions are vital for growth,

@ Springer
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Summary of Cross-Sectional Augmented Autoregressive Distributed Lag
(CS-ARDL) Results

Economic Growth

% Artificial intelligence (Al) (+ & Artificial intelligence (AI) (+ &
significant ) significant )
Gross fixed capital formation (+ & Gross fixed capital formation (+ &
significant) insignificant)

% Tax revenue (- & significant) Tax revenue (- & insignificant)
Human capital (+ & significant) % Human capital (- & significant)
Institutional quality (+ & significant) Institutional quality (+ & significant)
Interaction between Al and tax Interaction between Al and tax
revenue (+ & significant) revenue (+ & significant)

Interaction between Al and Interaction between Al and
institutional quality (- & significant) institutional quality (- & significant)

Fig.6 Summary of Cross-Sectional Augmented Autoregressive Distributed Lag (CS-ARDL) Results.
Source: Authors’ Design

echoing Rodrik et al. (2004). Short-run impacts of Al on growth are mixed: positive but
weakly significant in Column 1, while negative (insignificant) in Column 3, reflecting ini-
tial disruptions during Al integration, which is consistent with the Brynjolfsson and McA-
fee (2014) study. Long-run impacts of Al also vary; positive in Column 1, but negative in
Columns 2 and 3, indicating that long-term growth benefits depend on Al adaptation levels
in BRICS economies.

Tax revenue’s influence on growth varies across models. In the short run, tax revenue
negatively impacts growth in Columns 1 and 2, potentially due to investment disincentives
(Barro 1990). Yet, positive effects in Column 3 suggest that efficient tax systems can fos-
ter growth, aligning with the studies of Marsden (1983), Martin and Fardmanesh (1990),
Widmalm (2001), Amiel et al. (2012), and Nkhalamo and Sheefeni (2017). Long-run
effects also vary: tax revenue enhances growth in Column 3, supporting efficient tax man-
agement’s role in funding public goods and spurring growth (Myles 2009). Mixed short-
and long-term effects reflect debates on taxation’s role in growth which could be growth-
enhancing or growth-inhibiting (Gemmell et al. 2011; Barro 1990).

In the short run, Al-tax revenue interaction positively affects growth (Column 2), indi-
cating that effective tax policies amplify Al investments. Conversely, Al-institutional
quality interaction negatively impacts growth (Column 3), reflecting possible challenges
in aligning AI with current institutional frameworks. Long-run results are consistent; Al-
tax revenue interaction (positive) implies that Al-driven tax improvements support growth,
while Al-institutional quality interaction (negative) suggests potential hindrances due to
institutional rigidity. These mixed impacts emphasize that while institutional quality fosters
economic growth, aligning AI with existing institutions is challenging.

The findings reflect institutional economics, stressing governance’s importance in eco-
nomic outcomes (see for example, Nawaz et al. 2014; Hayat 2019; Abubakar 2020, among
others). While AI shows growth potential, its benefits depend on institutional and eco-
nomic contexts. The lack of growth support from Al-institutional quality interaction in
BRICS countries may result from institutional challenges such as corruption, bureaucratic
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inefficiencies, and limited Al-specific frameworks. Established institutions may resist Al’s
disruptive nature, creating suboptimal growth impacts. Additionally, ethical concerns and
inadequate regulatory frameworks could hinder Al adoption within institutions, stress-
ing the need for targeted strategies to maximize AI’s benefits within existing governance
structures.

To confirm the CS-ARDL results’ robustness, the study followed Sharif et al. (2022),
using models addressing cross-sectional dependence in the long term. The AMG estima-
tion applied, shown in Table 15, aligns closely with CS-ARDL short- and long-run results.
Specifically, AI’s interaction with tax revenue positively impacts BRICS countries’ eco-
nomic growth, while AI’s interaction with institutional quality has a negative effect. Col-
umn 1 in Table 15 confirms similar impacts from institutional quality and Al on economic
growth, consistent with Column 1 of Table 14. These findings affirm the reliability of CS-
ARDL results for policy implications.

Policy implications

Given the significant negative impact of the interaction between artificial intelligence (AI)
and institutional quality on economic growth in both the short and long terms, we rec-
ommend that BRICS governments conduct a thorough evaluation of their existing insti-
tutional frameworks and reforms. This evaluation should pinpoint areas for improvement,
particularly in transparency, regulatory quality, accountability, rule of law, and government
effectiveness, with a focus on Al investments. Policymakers should prioritize addressing
institutional weaknesses that impede Al investment and its successful integration into the
economy. Institutional policies must establish guidelines and regulations to support ethi-
cal and responsible Al development and deployment, addressing concerns such as bias,
fairness, privacy, and accountability in Al algorithms and decision-making. Additionally,
policies should promote investment in and the adoption of Al technologies that align with
BRICS countries’ values to foster economic growth.

The findings from Model 1 show that human capital has a positive effect on economic
growth in both the short and long terms. However, this positive impact diminishes when
Al interacts with tax revenue and institutional quality, rendering the effect of human capi-
tal on growth insignificant. This highlights the importance of implementing policies that
invest in education and training programs to reduce the skill gap between Al technologies
and institutional capacities. Enhancing education and training can improve public awareness
of Al and its effects on institutional quality. We suggest stronger collaboration and dialogue
among Al investors, institutional experts, and policymakers to close the gap between technol-
ogy and governance in BRICS economies. Cross-sector partnerships and knowledge sharing
are essential to align Al technologies with institutional frameworks and reforms in BRICS
countries. Additionally, governments should encourage a culture of innovation and adaptabil-
ity within institutions to effectively manage the challenges and opportunities presented by Al
investments.

The results suggest that the integration of Al into tax systems has a significant positive
effect on economic growth in BRICS countries, indicating substantial benefits. Therefore,
BRICS governments should encourage Al adoption in their tax systems. However, several
challenges exist: Al systems require large datasets, which could perpetuate biases in histori-
cal data and lead to discriminatory outcomes; there may be technological inequalities, as not
all segments of the population have equal access to Al-driven tax systems; potential errors
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in tax calculations, and public resistance due to concerns about transparency, accountability,
and misuse may arise (Suryani and Luthfiyyah 2023; Zhang and Tao 2020). To mitigate these
challenges, it is crucial to prioritize ethical considerations, such as implementing robust data
protection, using fair algorithms, ensuring inclusive access, providing education, and employ-
ing rigorous testing and monitoring to identify and address unintended consequences (Safdar
et al. 2020; Ouchchy et al. 2020; Abdallah and Salah 2024). These steps will promote equita-
ble and effective Al use in tax systems in the BRICS economies.

To drive economic growth, policies should encourage integrating Al technologies
in tax administration and revenue collection. BRICS governments should invest in Al
infrastructure, tools, and resources to boost the efficiency of tax operations, including
Al-driven data analytics, automated tax compliance, and risk assessment algorithms.
Simplifying and streamlining tax processes using Al can improve compliance for both
taxpayers and authorities. Developing user-friendly Al platforms is essential for enhanc-
ing compliance at various levels, and these policies should be regularly evaluated and
updated to keep pace with Al advancements. BRICS governments should also adopt Al
to improve tax assessment accuracy and minimize errors in revenue collection. Imple-
menting Al algorithms to detect tax evasion, fraud, and non-compliance can increase
tax revenues and promote fair economic growth. Training and upskilling tax profession-
als in Al-related skills is crucial, enabling them to effectively manage Al technologies.
A culture of continuous learning and adaptation is needed to maximize AI’s benefits
in tax systems. Additionally, fostering collaboration and knowledge sharing among tax
authorities and Al experts within BRICS economies is vital. By exchanging best prac-
tices and lessons learned, these countries can support each other in advancing Al imple-
mentation, enhancing their tax systems, and driving economic progress.

Conclusion

This study analyzes how Al, tax revenue, and institutional quality influence economic
growth in BRICS countries, aiming to support SDG 8 for sustainable growth. Covering
2012-2022, it utilizes the Cross-Sectional Augmented Autoregressive Distributed Lag
(CS-ARDL) model to capture long-term relationships among the variables, including
Al-tax revenue and Al-institutional quality interactions. Results show a stable, long-
run equilibrium among these variables, with bidirectional causality identified between
institutional quality and economic growth, as well as between tax revenue and Al. Addi-
tionally, the study finds unidirectional causality from economic growth to Al and from
tax revenue to economic growth, while Al and institutional quality exhibit no causal
relationship.

Using FMOLS and DOLS methods, the study reveals that Al, tax revenue, and capi-
tal formation positively affect economic growth, while the interactions of Al with tax
revenue and institutional quality reduce growth. CS-ARDL findings in Model 1 show
that Al and institutional quality enhance growth in both the short and long terms. How-
ever, tax revenue has a short-term negative effect and an insignificant long-term effect
on growth. Model 2 highlights the positive impact of integrating Al with the tax system
on growth, while Model 3 indicates that Al combined with institutional quality may hin-
der growth, underscoring the need for Al-compatible institutional policies (see Fig. 6).

The study emphasizes the importance of robust infrastructure, ethical frameworks,
and public engagement in Al implementation for optimal tax revenue collection and
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institutional quality enhancement. It advocates for Al policies that ensure transparency,
privacy, and compliance with societal values, particularly through regular audits and
stakeholder collaboration in BRICS economies.

The findings, based on comprehensive BRICS data from sources like OECD and
WDI, underscore potential limitations due to cross-country data inconsistencies and
evolving Al technology. Future research could expand on these insights by analyz-
ing specific BRICS economies or other regions, examining sector-specific Al impacts,
or exploring additional variables like digital infrastructure and sustainability. This
expanded focus would yield targeted policy insights for diverse economic contexts.
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