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Abstract

Purpose – The primary purpose of this study is to explore the effect of technical changes on provincial-level
income inequality in Vietnam. The authors also investigate whether the quality of institutions and human
capital level moderate this relationship.
Design/methodology/approach – This research applies the fixed-effect and random-effect models on a
balanced panel data set of 63 Vietnamese provinces/cities from 2010 to 2020.
Findings – The study’s empirical results show that technical improvement has a nonlinear influence on
income disparity in Vietnamese localities. When the local level of technology is limited, technological change
can mitigate income disparity. However, as local technological levels increase, inequality tends to rise.
Moreover, the study also reveals that the quality of a province’s institutions and the level of human resources
are factors that moderate the correlation between technological change and income inequality. For provinces
with better institutional quality and/or better human resources, inequality tends to decline under the impact of
technological change.
Practical implications –The results of this study suggest that while encouraging technology advancement,
localities should also ensure sustainable development, reduce income inequality and focus on improving
institutional quality and human resources development.
Originality/value – There are increasing concerns about the impact of technical change on inequality in
income distribution; however, empirical evidence on this relationship in developing countries remains scarce.
This study is among the few attempts to examine this issue at the provincial level of a developing country
considering the moderation effect of institutional quality and human capital level.
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1. Introduction
Global evidence suggests that high levels of income inequality may have a broad variety of
negative consequences, such as hindering economic growth (Berg and Ostry, 2011) and
slowing the rate of poverty alleviation (Klasen, 2016; Ravallion, 2004). One of the factors that
affects income inequality is technical change (Moll et al., 2022), which is a growing concern for
a variety of reasons. Firstly, economic disparity has an adverse influence on growth (Cingano,
2014); therefore, while economic growth is crucial to alleviate poverty, its impact depends on
income distribution (Bourguignon, 2004). Secondly, many scholars have emphasized that
technological progress is an increasingly powerful engine of growth (Aghion et al., 2023).
Economic development will be constrained in the absence of ongoing technological
advancement (Aghion and Howitt, 2009). Solow (1956) argues that all long-term growth per
capita results from technical progress. Lastly, if technological progress raises income
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disparity, the benefits on economic development will be offset by a reduced rate of growth as
well as other social negative impacts. Therefore, investigating the relationship between
technological change and income inequality is critical for developing countries that can
minimize economic disparities while also preparing the country for future technological
advancements (Suphanachart, 2019).

Numerous theoretical studies have confirmed a negative effect of technical change on
income inequality, but the empirical evidence on the direction and magnitude of income
distribution due to technical change is not fully agreeable. Several empirical studies have
found that countries experiencing greater income disparities are those with more advanced
technological change (Katz and Murphy, 1992; Lindquist, 2005). However, other research has
reported negative consequences (Suphanachart, 2019) or a non-linear association between
technological change and income gap (Jaumotte and Tytell, 2007). Goldin and Katz (1998) and
Card and DiNardo (2002) found that the income gap was stable despite improvements in
technology. Thus, research conducted across various levels and facets demonstrates that
technological advancements have an effect on the distribution of income; nevertheless, the
precise mechanisms and extent of this influence vary across nations and are contingent upon
the institutional and socioeconomic context of each nation. Hence, additional research is
needed to examine the correlation between technical change and income distribution within
particular contexts.

Vietnam provides an interesting case study for examining the effects of technical changes
on income disparities. Over the past three decades, rapid economic growth and improvements
in technology have brought Vietnam from a low – income to a middle – income country,
improving the living standard for Vietnamese. Despite notable achievements in economic
growth and alleviating poverty, the country has witnessed a rise in income disparity both
among different regions and within its own communities. The Gini index in Vietnam ranged
from 0.42–0.44 during the period 2010–2018 (Le et al., 2021). This is relatively small in
comparison with other middle-income countries in East Asia, yet there is still considerable
income disparity between rural and urban regions, as well as across different demographic
groups (Poole et al., 2017). Nonetheless, the shift in Vietnam’s growth model towards
increased innovation and technology-intensive investments, aimed at sustaining economic
expansion, has the potential to worsen inequality.

Although both technological improvement and income distribution are topics of interest in
Vietnam, earlier studies have focused on either of themwhile few attempt has been conducted
on discovering this relationship (Poole et al., 2017). A systematic quantitative study on the
impact of technological advancement on income inequality provides scientific evidence to
help Vietnam achieve both technological advancement and income equality. As such, this
study is critical and relevant in both theory and practice.

Furthermore, although both technology and institutional quality are separately
recognized as drivers of growing inequality (Acemoglu, 2003; Jaumotte et al., 2013;
Sequeira et al., 2017), what is lacking is amore thorough understanding of themoderating role
of institutional quality in the technology–inequality relationship. Syverson (2011) points out
that institutions and the political and administrative context encourage firms to engage more
in research and development, enabling technical advancements, shortening the technology
gap and promoting productivity convergence with top domestic firms through the incentive
mechanisms. Adeleye (2024) posits that equitable and efficient income distribution relies on
the presence of robust and effective institutions. In essence, income inequality can be
influenced by the quality of institutional quality. Governance quality, therefore, can affect
both enterprises’ technical change decisions and the pay of workers; thus, it indirectly
moderates the relationship. This research examines technical changes and income inequality
correlation in Vietnam under the regulation of institutional quality. To the best of my
knowledge, this is among the few attempts to examine this issue at a provincial level.
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Additionally, this study adds a new dimension by demonstrating that human capital has a
regulatory influence on the impact of technological advancements on income disparity. The
role of human capital (often proxied by educational level) as a determinant of inequality has
been confirmed in many research (Castell�o-Climent and Dom�enech, 2021; Galor and Moav,
2004; Lee and Lee, 2018). On the other hand, the role of education in technology is emphasized
by the Nelson–Phelps’ hypothesis in the way that educated individuals make better
innovators, so that education accelerates the process of technological diffusion (Nelson and
Phelps, 1980). Human capital determines the level to which technology is adopted as well as
leads to differences in productivity and then creates a wage gap according to the capital –
skill complementarity hypothesis. Human capital is thus seen in the theory as a determinant
of more technical change and higher inequality and therefore, able to moderate the
technology – inequality nexus. This research aims to evaluate the extent to which the impact
of technical change on income inequality is conditioned on human capital.

The structure of this paper is as follows. The second section presents the theoretical
framework and literature review. The third section provides an overview of technical change
and income inequality in Vietnam. The fourth section describes the data and research
methodology. Empirical results and discussions are presented in the fifth section. Finally, the
sixth section draws conclusions.

2. Theory and literature review
The effect of technical change on income inequality can be explained by several theories.
There have been three main strands of theory about the technical change–inequality nexus.
Themost famous one is the Skill-BiasedTechnical Changes (SBTC) and its related hypothesis
with the main argument is that recent technological development is not factor-neutral but
factor-biased (Acemoglu, 1998, 2002a, b). Most of the recent technological changes are skilled-
biased (i.e. skill-technology complement), meaning that the movement of technology is in
preference of more skilled employees such as those who are better educated, capable and
experienced. Otherwise, it can substitute unskilled workers’ activities; hence, it raises relative
productivity as well as relative demand for those who are skilled. Hence, the skill premium,
which reflects the productivity difference between sectors, rises (Acemoglu, 2002b). This
means that the income gap is therefore widening. In their paper, Pi and Zhou (2013) call this
effect between technical change and wage inequality the multiplier effect. Thanks to
technological development, workers are more effective. This effectiveness will multiply with
the marginal productivity of labor and raise the productivity of workers, leading to an
increase in skilled workers’ wages and hence, widening the income gap. Furthermore, they
also argue that there is an opposite effect, which is called competition effect. This effect
explains that high effective labour per worker, as a consequence of technical change, will
raise the total amount of labour, making more intensive worker competition. This will reduce
the wage of skilled workers and narrow the income gap. As a result, changes in the income
gap depend on the interaction between the two effects.

A related hypothesis is the Capital–Skill Complementary hypothesis has been formalized
by Griliches (1969) and developed by Krusell et al. (2000). It states that due to equipment-
specific technical progress, the relative price of capital equipment decreases, hence
encouraging investment in capital equipment. Because skilled workers complement
equipment capital more than unskilled workers, expansion in the stock of equipment
enhances skilled workers’ marginal product but reduces unskilled workers’ marginal
product. As a result of the larger capital stock, skilled wages are pushed up comparatively
higher than unskilled wages. Hence, the skill premium increases. The improvement of this
hypothesis is that the rise in skill premium is not necessarily due to the rise in relative
productivity. In case skilled workers’ relative productivity stays static while relative supply
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of them grows, the skill premium may still increase if the equipment-skilled labour ratio
increases quickly enough (Hornstein et al., 2005).

Another way of approach is the Directed technical change. The central concept originates
fromAcemoglu’s (1998) analysis of 20th-century US labour data, where, despite the rise in the
supply of skilled labour there is a higher college premium. This phenomenon is explained by
two effects. The first effect is the traditional substitution effect, where an increase in the
supply of skilled labour leads to a rightward shift in the skilled labour supply curve, resulting
in a new equilibrium with lower skill wages and, consequently, a reduction in the college
premium. The second effect, directed technical change, suggests that technological
advancements are intentionally designed to complement skills, rather than being naturally
skill-replacing. With a larger market for skill-complementary technologies as the number of
skilled workers grows, inventors find it profitable to focus on creating technologies that
complement skills. Skill-complementary technologies, by expanding the demand for skilled
labour, cause a significant rightward shift in the labour demand curve, leading to a long-term
increase in the college premium. This implies that the wage gap will, in turn, expand
over time.

Recently Moll et al. (2022) provided a framework on the theory of factor income to explain
the mechanism of how technical change affects income distribution in the long run. The idea
is that automation increases wealth and the return to wealth as productivity gains from
automation accrue not only to workers but also to the owners of the capital. Given that capital
ownership is highly concentrated at the top earner, the rise in capital income will tend to raise
the income gap in the long run (Bengtsson and Waldenstr€om, 2018).

To sum up, the influence of technical change on the distribution of factor income is
primarily contingent on the nature or orientation of the technical change, which is not
inherently neutral. In instances where the technical change favors capital augmentation or is
capital-biased, it tends to stimulate increased investment in capital, displacing labour with
machines and contributing to a rise in income inequality (Acemoglu, 2002a, 2003).
Conversely, when there is a prevalence of labour-biased technological change, it results in
a reduction of the income gap.

Based on those theoretical frameworks, the wide empirical literature on the link between
technical change and income disparity yields mixed and inconclusive results. Some empirical
research has shown that technical-led growth might face a trade-off of inequality due to the
increase in productivity and wage of high-skilled workers, higher demand for highly
educated labour (Autor et al., 1998) as well as job replacement by automated devices and
robots of low-skilled workers (Katz and Murphy, 1992; Acemoglu, 1998). Lindquist (2005)
demonstrates that the growing income disparity in Sweden between high- and low-skilled
workers is demand driven as a result of capital-skill complementarity in production. Research
by Ferreira (2020) confirms that SBTC alone accounted for 42% of the overall increase in
income inequality in the U.S during the period 1980–2010. This aligns with Almeida and
Afonso’s (2010) finding that SBTC has become the predominant explanation for inequality
gap in wage ratio of college workers and lower-secondary workers in 25 OECD countries.
Muzammil et al. (2018) analyze both fixed and random effects on panel data of 104 countries
and find that transfer of technology has a positive impact on income inequality in developed
countries but a negative impact on income gap in developing countries.

Contrarily, the research conducted by Suphanachart (2019) in Thailand demonstrates
that Technical Change, represented by Total Factor Productivity (TFP), has a statistically
significant adverse effect on the income difference over a long time. Nevertheless, the
negative immediate consequences do not seem to have any major statistical impact.
Research by Jaumotte and Tytell (2007) find that technical change, particularly in the
information and communications sectors, appears to have a non-linear influence on the
labour share of income. However, some other researchers found that the wage gap was
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stable despite improvements in technology (Goldin and Katz, 1998; Card and DiNardo,
2002) and that technological change is not significantly affect differences in income
(Sequeira et al., 2017). Alesina et al. (2018) propose that the rise of skill premiums, as well as
technical changes in the US, can be a cause of labour market regulation. may be attributed
to labour market regulations. Additionally, they suggest the possibility of a reverse
causation, where increased income inequality leads to the adoption of technology that
favors skilled workers, rather than the opposite. It is also argued that the influence of
technological change on income share is dependent on the type of technical change, whether
it is labour- or capital-augmentation (Acemoglu, 2002a).

Many previous studies have discussed the role of technical changes on income
disparities; however, most of the empirical papers test the relationship using cross –
national data (Barro, 2000; Van Reenen, 2011; Jaumotte et al., 2013; Fuentes et al., 2014;
Jerzmanowski and Tamura, 2019). An important feature of inequality data is that it is
country specific. This is a disadvantage of utilizing cross-country data since it may overlook
key micro-effects. Exploring the variety of data on the drivers of inequality is critical, since
the determinants of inequality might vary significantly among countries. Hence, research
on drivers of inequality at the cross – national level is found to be ambiguous and may not
support the theory in crucial aspects (Sequeira et al., 2017). Additionally, the impact of
technological progress may vary depending on whether the nation is technologically
advanced or not.

Regarding the local context, prior research on the technology – inequality nexus has
mostly been conducted in developed countries (Acemoglu and Restrepo, 2022; Krusell et al.,
2000; Lindquist, 2005), whereas empirical evidence on this relationship in developing
countries remains scarce (Fuentes et al., 2014; Singh and Dhumale, 2000; Suphanachart, 2019)
and that there is insufficient empirical data to draw robust judgments about emerging
nations (Singh and Dhumale, 2000). There are also mixed and inclusive results when research
is done on developing countries.While Zhang et al. (2017) find that technological development
has a negative influence on income inequality in China, taking both labour and capital income
into account, Suphanachart (2019) verifies that technological improvements lower income
disparity in Thailand. This is still a missing piece of empirical study. Therefore, this research
aims to address the existing gap in knowledge by focusing on the dynamic between technical
change and income inequality in Vietnam. This study has the potential to contribute valuable
insights to the empirical literature, as no prior research has investigated this specific
relationship in the context of Vietnam. The objective is to offer new empirical evidence and
enhance our understanding of the relationship between technical change and income
inequality in the Vietnamese context.

3. Income inequality and technical change in Vietnam
3.1 Income inequality
Data from General Statistics Office of Vietnam (GSO) shows that the Gini coefficient in
Vietnam (Figure 1 in OnlineAppendix) remained relatively constant since 2002, ranging from
0.355 to 0.434, and maintained a safe, efficient and suitable threshold for high growth. Since
the Covid period, the Gini coefficient in Vietnam is likely to be lower.

Based on the findings of NiNo-Zarazua et al. (2017), the relative Gini coefficient for the East
Asia and the Pacific region spanned from 2005 to 2010, with values between 0.5 and 0.6. This
value exceeds the national average of 0.4 for Vietnam, suggesting that relative income
inequality estimates in Vietnam are slightly lower than those of the region encompassing
East Asia and the Pacific.

Prior to 2010, there was a greater disparity in income in urban regions than in rural areas.
But inequality in rural areas was evidently worse after 2010 and continued to rise between
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2010 and 2018 (Figure 2 in Online Appendix). The urban rich-poor disparity decreased from
7.9 times in 2010 to 7 times in 2018 and 5.4 times in 2020. Oppositely, in rural areas, the income
gap between the highest and poorest groups increases from 7.9 times in 2010 to 8.7 times in
2018 and falls to 8 times in 2020 due to the overall impact of the Covid-19 epidemic on the
entire economy.

Although the overall pattern of income inequality throughout the whole country seems to
be rather consistent over the past decade, there are clear differences in inequality levels
between areas. Wider effects of income disparity are often seen in impoverished and
underdeveloped areas such as the Northern Mountains and the Central Highlands.

3.2 Technical change
Over the last few decades, Vietnam has seen substantial technological advancement,
especially since the “Doi Moi” economic reforms were implemented in 1986. Since then, the
country has been experiencing a period of industrialization and modernization. Internet
access was officially permitted in 1997 with initial users of just 0.25% of the population due
to insufficient technological infrastructure and costly expenses (Poole et al., 2017). However,
the internet has currently become widely popular in Vietnam. The country has transitioned
from an agricultural economy to a more industrialized one with the growth of the
manufacturing sector. On the other hand, recent research by Cirera et al. (2021) on firm-level
technology adoption in Vietnam reveals that the manufacturing sector in Vietnam remains
behind, with the highest technological gap when compared to services and agricultural
companies. The authors also suggest that the ordinary Vietnamese enterprises are far from
the technology frontier, with a lack of readiness for the digital shift required by the
pandemic shock. Additionally, Vietnam is still in the early stages of implementing Industry
4.0 technology.

One of the most popular measures of technical change is the level of Information and
Communication Technology capital (ICT capital) (H€otte et al., 2022). This data is not available
in Vietnam. Nevertheless, there is an alternative resource is the ICT index, which has been
published annually since 2005 by the Ministry of Information and Communication. This
index offers information on the current status of ICT development and application in
Vietnam, and also provides evaluations and rankings based on the readiness for ICT
development. It consists of four primary components: technical infrastructure, human
resources, internal applications and online public services. This is one of the most
comprehensive assessment indices on the local technology development situation. The ICT
index ranges from 0 to 1, where a value closer to 1 signifies a higher level of technological
advancement.

The ICT index across Vietnam’s six socioeconomic regions is depicted in Figure 3 in
Online Appendix, with the mean ICT ranging from 0.314 to 0.517. Rural regions have a lower
ICT index, particularly the Northern Mountains and Central Highlands. These regions are
inhabited by numerous ethnic minority groups and have an exceptionally high poverty rate
(Nguyen et al., 2021). On the contrary, urban regions such as the Southeast and Red River
Delta exhibit an above-average ICT index. Better infrastructure and human resources
contribute to higher living standards in these regions, thereby providing provinces with a
stronger foundation for technical infrastructure, human infrastructure and IT applications,
contributing to a high ICT index.

Regarding provincial technology (Table I in Online Appendix), the top three cities with the
highest level of technology development are typically developed cities characterized by high
personal income and a low Gini coefficient. In contrast, provinces with the lowest level of ICT
are those located in mountainous rural areas facing several difficulties. They experience low
income per capita and high Gini coefficients, indicating significant inequality.
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4. Research methodology
4.1 Model specification
To estimate the impact of provincial technical change on income inequality, we based our
study on the theoretical model of Aghion and Howitt (2009), and the modelling strategy of
(Muzammil et al., 2018), with the following baseline model specifications:

Ginii;t ¼ β0 þ β1: ICTi;t þ βj:Xi;t þ ui þ vi;t (1)

In this model, i and t denote province i and year t, respectively. The dependent variable,
income in equality is measured by Ginii,t, the Gini coefficient of province i in year t income.
The Gini index is the most common measure of income distribution (Nguyen et al., 2021) and
is widely used in research on income inequality.

There are a variety of proxies used in the literature to measure technical changes such as
TFP, R&D intensity ratio, information and communication technology, robot-diffusion and
innovation (H€otte et al., 2022). This paper utilizes the Information and Communication
Technology Index (ICT) as a proxied for provincial technical change. This index provides
information on the current status of ICT development and application in Vietnam to
ministries, branches and localities. It is compiled from 4 main components: technical
infrastructure, human infrastructure, internal applications and online public services. In
Vietnam, this is one of the most comprehensive assessment reports on the local technology
development situation, including technical infrastructure and human resources.

Theoretically, this model contains a set of control variables Xi,t to eliminate confounding
effects and ensure the accuracy of the findings. Xi,t includes economic growth, FDI,
institutional quality, human capital, trade, urbanization and provincial transportation
infrastructure.

This study analyzes economic growth in Vietnamese provinces using the natural
logarithm of provincial GRDP per capita in real terms at a comparable 2010 price. Kuznets
(1955) suggests an inverted-U relationship between economic growth and income inequality.
Income inequality tends to increase in the early stages of economic development due to low-
wage sectors like agriculture or manufacturing, reaching its peak at the middle stage. As the
economy becomes more developed, income inequality begins to reduce due to improved
education, healthcare and redistribution policies.

Foreign direct investment (FDI) is significant for Vietnam’s economic growth and income
disparity. FDI’s impact on inequality can be positive or negative. According to Aghion and
Howitt (2009), new technology from multinational companies increases demand and wages
for skilled labour, initially widening income inequality. However, as skills improve and
technology integrates, inequality reduces.

The impact of trade on income inequality has been extensively studied (Meschi and
Vivarelli, 2009) with the Heckscher-Ohlin as the primarymodel. As trade helps the country or
area to concentrate on its comparative advantage, demand for unskilled workers and their
earning in developing nations/areas might rise due to their relatively high abundance of
unskilled workers. Therefore, trade can help to close the wage gap. This research uses the
province’s ratio of total imports and exports to GDP to estimate the variable openness to
international trade (referred to as “Trade”).

The study measures transportation infrastructure development through the natural
logarithm of passenger loads, following (Nguyen et al., 2021) and urbanization via the share of
urban permanent residents, following Bloom et al. (2010). The process of urbanization causes
economic structural changes, with people and resources shifting from agricultural activities
to industrial operations. This process is related to rising inequality, with higher earnings in
urban compared to rural areas. As previously noted, this study investigates how human
capital and institutional quality moderate the relationship between technical change and
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inequality. The variable ’HC’ represents human capital and is calculated as the proportion of
currently working individuals aged 15 and above who have received training in each
province. To assess institutional quality, we utilize the Provincial Competitiveness Index
(PCI) for each province in Vietnam.

Also, in the model, unobserved variables are decomposed into time-invariant component
ui, showing the specific characteristics of each province, and time-variant component vi,t, is an
unseen random component.

We also consider the existence of a non-linear relationship by adding the squared variable
of the variable ICT (namely ICT2) to model (2)

Yi;t ¼ β0 þ β1: ICTþ β2: ICT2þ βj:Xi;t þ vi;t (2)

As discussed above, the effect of increasing or narrowing the income inequality of technical
change depends on the institutional quality and human capital level. This study tests these
two binding factors on the impact of technical change and income inequality by adding two
new interaction variables between ICT and institutions (ICT_PCI) and between ICT and
Human capital (ICT_HC).

Yi;t ¼ β0 þ β1: ICTþ β2:Xi;t ICT2þ β3: ICT PCIþ βj:Xi;t þ vi;t (3)

Yi;t ¼ β0 þ β1: ICTþ β2: ICT2þ β3: ICT HCþ βj:Xi;t þ vi;t (4)

The control variables Xi,t in models (2), (3) and (4) are the same as model (1).

4.2 Data
The Gini coefficients are computed by the GSO using the Vietnam Household Living
Standard Survey (VHLSS) from 2010 to 2020. Since 2002, the GSO has conducted VHLSS of
more than 30,000 households every even year. In this paper, the Gini coefficient is multiplied
by 100, so it ranges from zero (the most equal income distribution) to 100 (the least equal of
income distribution).

The ICT Index data, described earlier in this paper, has been collected from the website of
the Ministry of Information and Communications since 2005. The data is collected for
multiple levels of groups including Ministries, ministerial-level agencies, Government
agencies; provinces; economic groups, corporations and commercial banks. In this paper, we
used the ICT Index calculated for each province, which is built based on the United Nations’
EGDI index system including 4 main components: technical infrastructure, human
infrastructure, internal applications and online public services.

In this article, the components of the Provincial Competitiveness Index (PCI) in Vietnam
represent the institutional quality. Data on the PCI Index are collected fromVietnamChamber
of Commerce and Industry (VCCI). The PCI evaluates the business climate, economic
governance quality and government administrative reform efforts in Vietnamese provinces
and cities in supporting the growth of the non-state economic sector. The PCI consists of 10
sub-indexes that represent various aspects of economic governance affecting private sector
development, such as market entry costs, land access and stability in land use, transparency
of business environment and business information, unofficial fees, inspection, examination
and implementation of administrative regulations and procedures time, competitive
environment, the pioneering and dynamism of provincial leaders, business support
services, labour training policy and dispute resolution procedures. The index is ranked on
a scale of 100 points, with higher points representing better institutional quality.

Other data are collected from Provincial Statistical Yearbooks issued by the Provincial
Statistics Officers.
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Wewill use the panel data of 63 provinces for all even years from 2010 to 2020 to estimate
model (1) with a total of 378 observations. Table II in Online Appendix summarizes statistics
of the data set in the model.

4.3 Methodology
Based on the theoretical review, we proposed a model to estimate the effect of technical
changes on income inequality using panel data from 63 provinces in Vietnam from 2010 to
2020. The Pooled OLS will be used initially for the model; nevertheless, due to the time and
cross-sectional variability of observations in panel data, it is advisable to incorporate the
Fixed Effects Model (FEM) and Random Effects Model (REM). In contrast to the Pooled OLS,
which disregards the panel structure and aggregates data from various sectors and time
periods into a single large dataset, FEM takes into consideration individual-specific effects,
thereby mitigating the influence of time-invariant unobserved factors that introduce bias.
REM, on the other hand, permits correlations between the independent variables and the
individual-specific effects, which can be especially beneficial when time-varying factors are
correlated with the individual-specific effects. The optimal model is determined by applying
pertinent tests to the three models.

In addition, the purpose of this paper is to investigate how human capital and government
quality moderate the relationship. Specifically, in the estimation equation, the interaction
variables are interacting variables between ICT with two variables, namely PCI and HC.

5. Empirical results and discussion
Westart with a linearmodel of ICT andGini coefficients inmodel (1); however, the association
is not statistically significant at the conventional level except for the pooled OLS. Next, we
apply a quadratic model, in which both ICT and ICT2 are included in the model (2). The
estimation results show that both of ICT and ICT2 are statistically significant (Table 1). The
coefficients are different for each model; however, there is a clear U-shape relationship
between the ICT index and income inequality for all PooledOLS, FEM, REMandGLSmodels.
To choose a suitable model, we apply the Breusch – Pagan (xttest0) to choose between OLS
and FEM/REM, and then the Hausman test to choose between FEM and REM. After the
testing process, the FEM appeared to be the optimum. However, the FEM suffers from
problems of autocorrelation and heteroskedasticity, so we apply the GLS to fix these
problems. In this study, we use the results from GLS for interpretation.

Gini coefficients initially fall as the ICT index rises. When the ICT score is approximately
0.44 (which is equal to 14.72/(2 3 16.67)), the effect of the ICT index on income inequality is
equal to zero. Later, when the ICT score is above 0.44, its effect on income gap is negative.
This result suggests that technical change appears to have a non-linear influence on income
disparity in Vietnam. Figure 1 presents the quadratic correlation between the Gini index and
ICT with 95% confidence bands. This result is consistent with a research by Jaumotte and
Tytell (2007), who found that technical advancement, as measured by ICT capital, seems to
have a nonlinear influence on the labour share of income using panel data from 18 advanced
OECD nations from 1982 to 2002. The notion that technological advancements might
decrease income disparity in less-developed regions and exacerbate economic inequalities in
rich regions is supported by a study conducted by Muzammil et al. (2018).

One possible explanation is that when a province has low levels of technology,
advancements in general-purpose technologies like computers and the internet have the
potential to boost overall labour productivity, which in turn might elevate living standards,
and narrow economic disparities. This, in turn, could lead to higher living standards and
lower economic inequality. As technology advances and becomes increasingly skilled-biased,
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Source(s): Authors’ estimation

Dependent
Variable

(1) (2) (3) (4)
Pooled OLS FEM REM GLS

ICT �19.26*** �12.64* �16.47** �14.72***
(7.277) (7.008) (6.739) (4.953)

ICT2 18.90** 17.73** 21.20*** 16.67***
(8.161) (7.830) (7.529) (6.035)

HC �0.0766** �0.241*** �0.157*** �0.114***
(0.0368) (0.0716) (0.0483) (0.0366)

lnGRDPPC �0.638 �1.046 �0.539 �1.308**
(0.483) (1.368) (0.733) (0.624)

FDI �0.967 �1.322 �1.395 �0.659
(1.448) (1.235) (1.233) (0.729)

Trade �0.428** �0.164 �0.296 �0.528**
(0.184) (0.240) (0.211) (0.211)

PCI �0.0509 0.00767 �0.0178 0.0253
(0.0536) (0.0522) (0.0488) (0.0384)

passengers �0.513*** 2.589*** �0.0221 �0.347*
(0.193) (0.818) (0.325) (0.208)

Urban 4.491** �14.50*** �1.049 1.984
(1.905) (4.899) (2.692) (2.066)

_cons 49.69*** 44.20*** 47.21*** 46.38***
(3.234) (3.646) (3.040) (2.500)

N 378 378 378 378
Adjusted R2 0.142 0.155 0.1191
Wald test p-value 5 0.0000 < 0.05
Hausman test p-value 5 0.0041 < 0.05

Note(s): Numbers in bracket indicate standard errors, and asterisk marks with *, ** and *** indicate the
estimated coefficients are statistically significant at level of 10, 5 and 1%, respectively
Source(s): Authors’ estimation

Figure 1.
Gini index and ICT
index with 95%
confidence intervals

Table 1.
Regression results of
ICT and ICT2 on Gini
coefficient
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as suggested by the Directed technical change hypothesis, only skilled workers are able to
adapt to new technologies and enhance their productivity, whereas low-skilled workers may
struggle to keep up, leading to a widening income disparity, as suggested, by the SBTC
hypothesis. Furthermore, this explanation can be attributed to the fact that Vietnam’s ICT
development is concurrent with its modernization, transitioning from an agriculture to a
manufacturing economy. Provinces with low ICT levels are primarily rural areas where
agriculture dominates. Technological advancements in these provinces generally support
agricultural activities, enhancing the productivity of low-skilled workers. In contrast, major
cities that have made significant progress in ICT are mostly large cities that have a
predominant focus onmanufacturing operations. So that technological changes here aremore
complex and skill-intensive, increasing the productivity and demand for skilled labour,
thereby widening the income gap.

All of the four models show a negative and statistically significant relationship between
Human capital and Gini. This indicates that improvement in the skilled labour rate can help
reduce income inequality. This finding is consistent with the human capital model of income
distribution by Mincer (1958) and other research by Castell�o-Climent and Dom�enech (2021)
and Barro (2000) that the more educated, the lower the level of income disparity. It can be
explained that education is a kind of investment in workers’ skills. Therefore, an increase in
the supply of skilled labour can satisfy the extra demand of skilled workers, helping to
maintain the wage of the skills (Pan, 2014). Therefore, the premium for educated workers will
eventually diminish and the wage gap between skilled and unskilled workers begins to fall
(Knight and Sabot, 1983).

The regression model also suggests that trade openness has a negative impact on income
inequality, implying that provinces with a higher proportion of overall trade contributing to
GRDP have a narrower difference between rich and poor. This discovery aligns with
Heckscher – Ohlin trade theory, which posited that an increase in trade in nations with a
predominantly unskilled labour force leads to a reduction in inequality. Trade liberalization
will drive provinces and cities to concentrate on producing goods and services in which they
have a comparative advantage. Increased trade openness can generate various opportunities
for many economic sectors and affect the income of the population.

It appears that income disparity is negatively impacted by per capita income, suggesting
that provinces/cities experiencing greater economic growth may exhibit reduced levels of
inequality. Vietnam may have already reached its peak of the Kuznets curve, given its
transition to a middle-income nation. The income disparity may be mitigated by policies that
prioritize education and healthcare development, as well as redistribution, as the economy
continues to develop.

As indicated by the negative correlation between FDI inflow and income gap in the
estimation results, the presence of the foreign direct investment sector contributes to the
reduction of income inequality. Although the majority of coefficients lack statistical
significance, numerous prior studies have confirmed the contribution of the FDI sector in
Vietnam towards poverty reduction and income gap narrowing (Le et al., 2022).

The correlation between the income disparity and additional variables, such as
urbanisation, passenger loads and PCI, remains unconfirmed and requires additional research.

Columns (1) and (2) in Table 2 display the estimation findings of Model (3), which examines
how ICT and ICT squared affect income inequality when institutional quality is taken into
account. The interaction variable between ICT and institutions, given by the variable ICT_PCI,
is the major variable to be considered in thismodel. The coefficients of the interaction variables
are negative and statistically significant at the 1% level in both linear and quadratic models.
This finding suggests that in provinces with higher standards of governance and
administrative efforts, technological progress will have a lessening effect on income
disparities. Put another way, technical advancement will result in a reduction in Vietnam’s
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wealth disparity due to the influence of high-quality regulations.Higher quality institutions and
a conductive political and administrative environment motivate companies to increase their
involvement in research and development. This leads to technological progress and fosters
productivity alignment with leading local companies through incentivization. Improved
governance and public administration, achieved by reducing market entry costs and unofficial
fees, can enhance democratic processes, reduce corruption and ultimately make public
investment and income-redistribution programs more efficient and beneficial for the poor.

The results of Model (4), which examined the moderating effects of human capital on the
ICT and income inequality nexus, are displayed in Columns (3) and (4) of Table 2. The finding
shows that the interaction variables between ICT and Human capital (ICT_HC) are negative
and statistically significant at 5% in quadratic models. This outcome validates that the
technical change has favorable impacts on decreasing income disparity through the influence
of human capital. Technological development seems to have a greater impact on reducing
inequality in provinces with a higher proportion of skilled people. It is clear from this
moderating role of human capital that education plays a crucial role in jobs that need
employees to be able to adjust to technological change. As a result, learning to keep up with
and comprehend new technology advancements is essential. Therefore, provinces with a
greater degree of human capital can more effectively adjust to changes in new technologies
and provide higher income for workers.

Dependent variables

(1) (2) (3) (4)
Model (3) Model (3) Model (4) Model (4)

Gini Gini Gini Gini

ICT 70.54*** 68.68*** 3.544 �14.63**
(17.84) (17.43) (4.282) (7.011)

ICT2 31.80*** 33.20***
(8.030) (10.24)

HC �0.176** �0.154** �0.212* 0.0606
(0.0724) (0.0709) (0.124) (0.148)

lnGRDPPC �1.032 �1.911 �0.662 �1.659
(1.340) (1.328) (1.370) (1.384)

FDI �1.450 �1.515 �1.308 �1.263
(1.217) (1.189) (1.245) (1.226)

Trade �0.189 �0.136 �0.196 �0.181
(0.236) (0.231) (0.242) (0.239)

PCI 0.452*** 0.611*** 0.0105 0.00370
(0.126) (0.129) (0.0526) (0.0518)

passengers 2.364*** 2.543*** 2.456*** 2.574***
(0.805) (0.787) (0.824) (0.813)

Urban �14.88*** �14.24*** �14.79*** �13.39***
(4.823) (4.714) (4.944) (4.888)

ICT_PCI �1.110*** �1.523***
(0.289) (0.301)

ICT_HC �0.0557 �0.605**
(0.201) (0.260)

_cons 13.81* 11.26 39.77*** 43.55***
(7.543) (7.397) (3.492) (3.631)

N 378 378 378 378
R2 0.203 0.242 0.165 0.192

Note(s): Numbers in bracket indicate standard errors, and asterisk marks with *, ** and *** indicate the
estimated coefficients are statistically significant at level of 10, 5 and 1%, respectively
Source(s): Authors’ calculation by STATA

Table 2.
Regression results of
ICT and ICT2 with
interaction variables
on the Gini coefficient
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6. Conclusion
In this study, we examine the influence of technology developments on income disparities in
Vietnam. To begin, we provide a theoretical model that describes the effect of technological
advances on income disparity. Then, we use statistical estimation methods with panel data
from 63 Vietnamese provinces from 2010 to 2020 to uncover the linear and non-linear
correlations. In addition, we analyze this relationship under the moderating effects of
institutional quality and human capital.

This study provides two main valuable insights into how technology advancements
impact income disparity, adding to existing literature on the subject. First, we present
empirical evidence of a non-linear correlation between technological advancements and
income inequality at the provincial level in a developing country, a departure from earlier
research which mostly focuses on rich nations or cross-country comparisons. This suggests
that for developing nations, initially, from a low starting point, enhanced technology can
narrow the economic gap, but over time, more advanced technology may exacerbate income
disparity. Furthermore, this research introduces a novel perspective: the quality of
institutions and human capital has a regulatory influence on the relationship between
technological developments and economic disparity. Specifically, the estimated coefficients of
interacting variables between the quality of institutions, human capital and Gini coefficient
are negative and statistically significant. This implies that in the provinces/cities with better
institutional quality and/or higher skilled rate of labour, technical change can reduce income
disparity.

The findings of this study have various policy implications. Firstly, advancements in
technology are crucial for economic development, but it is essential to carefully evaluate their
impact on income disparity. Secondly, this finding supports the idea that the quality of
institutions is associated with both income distribution and technical advancement.
All provinces can benefit from reducing income inequality by working to improve the
institutional quality of their governments through anti-corruption measures, increased
transparency and the establishment of an effective legal framework. Additionally, the
country can also profit from integrating technology into public administration activities such
as e-government initiatives. Thirdly, the educational system in developing countries such as
Vietnam needs additional reforms, as human capital is an essential factor in how
technological progress impacts inequality. Therefore, aiming for high-quality human
resources might boost the country’s technical progress while also decreasing the economic
gap. A report from the World Bank (2014) shows that there is still a skills gap in the
Vietnamese labour market despite notable basic literacy and numeracy achievements as
many businesses report a scarcity of individuals with the required technical expertise. In
addition, corporations are increasingly seeking cognitive abilities, such as problem solving
and critical thinking, as well as behavioral skills in non-manual activities. As a result,
policymakers should prioritize investments in public education and training. One approach is
to provide a strong applied educational foundation and adequate technical education, which
will assist in providing more skilled workers to the labour force. Finally, trade openness may
be a solution to income equality. Local governments may implement particular strategies to
identify the province’s competitive advantage and promote provincial commerce. Vietnam,
being a tropical nation with a diverse range of agricultural goods, has implemented a
successful agricultural product trading strategy known as OCOP (One Country One Product).
Each province should identify and cultivate its unique items that offer a competitive edge,
thus enhancing its trade capabilities. Better commerce may not only serve to boost a
province’s GDP and expand job opportunities for both skilled and unskilled workers as
suggested by Poole et al. (2017), but it may also facilitate the transfer of knowledge and new
technological adoption.
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