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Abstract

This paper analyzes the dynamic asymmetric effects of digitization on domestic
inflation for a sample of 54 advanced economies (AEs) and emerging markets (EMs)
over the period 2004-2018. Using Katz and Calorda’s Digital Ecosystem Development
Index and employing the system Generalized Method of Moments (GMM) estima-
tion methodology, the results of the paper reveal that the improvement in digitiza-
tion has a statistically significant nonlinear deflationary effect with an exact threshold
level of 43.22 points, that is, that the marginal effect of the digital penetration is larger
when its level is lower than the threshold level. For EMs, with a level of digitiza-

tion below the average of our full sample, policymakers must continue to invest

in and expand on their digital ecosystem until the threshold level is achieved. Our
results show that investment in human capital and improvement in governance can
reinforce these deflationary effects. Hence, to obtain the maximum positive impact
of increasing digitization on domestic inflation, EM governments should focus on maxi-
mizing school enrollment, controlling corruption, establishing rule of law, protecting
the right to freedom of opinion and expression, and implementing accountability
measures.

Keywords: Inflation, Digitization, System GMM, Advanced economies, Emerging
markets
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Introduction

In recent years, digitization has emerged as one possible explanation for the low and
stable inflation trend in both emerging markets (EMs) and advanced economies (AEs),
especially since the Great Recession. Digitization—including Internet of Things (IoT),
big data analytics, machine learning, blockchain, artificial intelligence and beyond—is
unquestionably transforming industries worldwide. In the United States alone, the digi-
tal economy grew at an average annual rate of 5.6% from 2006 to 2016, almost 4 times
higher than 1.5% growth rate for the overall economy (Bureau of Economic Analysis
2018). It seems increasingly possible that the rapid digitization is influencing inflation
in several ways, most notably, by enhancing productivity and lowering marginal costs,
which might lead to lower inflation.
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Since the Great Recession, two major trends in inflation, particularly affecting AEs
around the world, have been documented extensively in the economic literature. First,
inflation remained higher than expected and quite stable in the Great Recession’s imme-
diate aftermath (International Monetary Fund IMF 2018; Coibion and Gorodnichenko
2015). Researchers refer to this phenomenon as the “missing disinflation,” because, in
light of higher unemployment and reduced consumer confidence and demand, a global
recession would normally have lowered the prices of goods and services. Second, infla-
tion, particularly core inflation, seems to have remained consistently below the central
banks’ targets in those years (Bhatnagar et al. 2017).

While surprising, the low and stable inflation trends are not necessarily new phenom-
ena. Economists started noticing a potential “flattening” of the Phillips Curve in AEs in
the mid-1970s (Kuttner and Robinson 2010). That is, the downward-sloping relationship
between inflation and unemployment had already weakened before the Great Recession.
Many explanations have been given for this. Some have argued that central banks have
simply done a better job at communicating essential information and thus anchoring
people’s inflation expectations, which affect the level of inflation (Williams 2006). Others
have argued that lower inflation is a result of globalization and an ever-expanding global
supply chain (Borio and Filardo 2007). But given the overwhelming evidence that digiti-
zation contributes to economic growth (Katz and Callorda 2020), it might also influence
other macroeconomic variables, including inflation.

The adoption of digital tools in the workplace transforms transactions and increases
efficiency in communication and production, and technological advances across sectors
and industries—from agriculture and manufacturing to IT—in return create new jobs.
In EMs, the OECD (2019) estimated that an additional 10% of internet usage contributes
1.17 percentage points to the gross domestic product (GDP). Such digitization digitiza-
tion can lead to greater efficiency and productivity gains in the economy, as it allows
for faster and easier communication, automation of tasks, and access to more data. This
can lead to lower production costs and lower prices for consumers, which can reduce
inflationary pressures (Csonto 2019). As well, online shopping and price comparison
websites can increase competition among retailers, leading to lower prices (Cavallo et al.
2014; Cavallo 2017). The rise of digital currencies and payment systems can also change
the way people save and spend money, potentially affecting the money supply and there-
fore inflation (Bordo and Levin 2018; Fernandez-Villaverde and Sanches 2019). Digiti-
zation can affect the labor market by altering the demand for certain types of jobs and
skills. This can lead to changes in wages and employment levels, which can affect infla-
tion (Bresnahan, et al. 2002; Acemoglu and Restrepo 2018). For example, if digitization
leads to the automation of certain tasks, it can reduce demand for certain types of labor
and put downward pressure on wages and prices. Digitization can also affect the finan-
cial sector, potentially changing the availability and cost of credit and other financial
products. This can affect the overall level of economic activity and, therefore, inflation
(WEF 2018; Emara 2022).

The effects of digitization on inflation may not be even across AEs and EMs because
of their differing inflation dynamics. Specifically, as shown in Fig. 1 inflation is usually
higher and considerably less stable in EMs than in AEs (Barefoot et al. 2018). While the
average inflation rate for EMs approaches 12% in 2008 and drops as low as 1% in 2015,
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the average inflation rate in AEs never increases above 4% and remains relatively sta-
ble throughout the years.! These differences may also create a difference in the impact
of digitization on domestic inflation. For instance, the weaker institutions and lower
qualify of human capital in EMs may mean that it is impossible to combat inflationary
pressures by the means available in AEs, and thus reduced marginal costs and enhanced
productivity for businesses in EMs, which digitization produces, has a greater effect. At
the same time, the level of digitization itself is lower in EMs than in AEs. As seen in
Fig. 2 below, the average digitization levels in AEs and EMs follow a similar trend over
the years: they both increase significantly from 2004 to 2018, and the increases seeming
to flatten out toward the end of the period.

The impact of digitization on inflation is a complex issue that can be influenced by
various factors, including the level of education and the quality of governance. On
one hand, higher levels of education can lead to a more skilled workforce that is better
equipped to take advantage of the efficiencies that digitization can provide, potentially

! The IMF identified two possible explanations for EMs’ more unstable and higher inflation in the 2018 World Economic
Outlook Report. First, a higher proportion of overall consumption in EMs consists of food and other similar commodi-
ties, and prices of these goods tend to be more volatile than those of other products (IMF, 2018). Second, the central
bank may have less ability to control inflationary pressures when they arise because monetary policy and economic insti-
tutions overall tend to be less developed, reliable, and consistent in EMs (IMF, 2018).
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leading to lower inflation (Wardana, et al. 2023; Reddy et al. 2023). On the other hand,
good governance can help ensure that digitization delivers its potential benefits in terms
of increased competition, improved productivity, and better information for consumers,
which can help reduce inflation. However, poor governance can limit these benefits and
even contribute to inflation (Ben Ali 2022c, a, b; Sassi and Ben Ali 2017).

Economists have long theorized the impact of major macroeconomic factors on
domestic inflation. Nevertheless, the literature on the impact of digitization as an impor-
tant determinant for lower and more stable inflation in EMs is very thin. Hence, our aim
in this study is to fill the gaps in the literature by studying the impact of digitization on
domestic inflation, exploring the functional form of this digitization-inflation link, and
analyzing whether the level of education and good governance in EMs reinforces this
link. To do so, our study explores four research questions: (1) What is the effect of digiti-
zation on domestic inflation? (2) Is the effect different in EMs than in the full sample? (3)
Is this relationship linear or non-linear? (4) What is the potential role of policy comple-
mentarities in the digitization-inflation link including good governance and high levels
of education enrollment?

The rest of the paper is organized as follows: Sect. "Literature review" presents a lit-
erature review on inflation and digitization, Sect. "A simple theoretical model" presents
a simple theoretical model, Sect. "Data" describes our data set, Sect. "Estimation meth-
odology" explains our estimation methodology, “Estimation results” section includes
a description and interpretation of our estimation results, “Robustness check” section
includes robustness checks on our estimation methodology, and “Conclusion and policy
Implications” section provides concluding remarks and policy implications. References
details can be found in reference section, while the appendix appears at the end of the
paper and includes additional tables referenced, but not otherwise included, throughout
the paper.

Literature review

Economists have long theorized and analyzed the relationship between inflation and
other major macroeconomic factors. The traditional Phillips Curve establishes a down-
ward-sloping relationship between the level of the inflation and the unemployment rate:
as unemployment increases, inflation decreases. The accelerationist version of the Phil-
lips Curve establishes a relationship between the unemployment or output gap and the
change of rate in inflation. Valadkhani (2014) finds that the output gap positively influ-
enced inflation in Canada, the UK, and the US between 1970 and 2013. More recently,
Jasova et al. (2020) use a New-Keynesian Phillips Curve model on a panel of both AEs
and EMs from 1994Q1 to 2017Q4. They found that both domestic and global output
gaps are significant drivers of inflation before and after the Great Recession, especially
for countries targeting inflation.”

However, research has increasingly questioned whether the Phillips Curve still
holds today, especially in AEs such as the United States, where inflation has remained
remarkably low, even when unemployment was low and decreasing. Kuttner and
Robinson (2010) identified empirical evidence in support of a “flattening” of the Phil-
lips Curve hypothesis, a potential weakening of inflation’s sensitivity to the output (or

2 see also Svensson (1999) and Gerlach and Svensson (2003).
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unemployment) gap. The IMF (2013) also found evidence that inflation has indeed
become less responsive to unemployment than in the past—in AEs. While Jasova et al.
(2020) found a significant decline in the impact of domestic output gaps on inflation in
AEs, they found no empirical evidence in support of a flattening of the Phillips Curve
hypothesis when estimating the New-Keynesian Phillips curve for EMs.

Other major macroeconomic factors that influence inflation—such as inflation expec-
tations, the exchange rate, and globalization—have become increasingly important over
time, potentially further altering traditional Phillips Curve dynamics. The expectations-
augmented Phillips Curve predicts that inflation expectations for the next time period
also affect the present level of inflation—that is, that an increase in inflation expectations
leads to an increase in the actual rate of inflation. Many have suggested that a frame-
work of inflations expectations explains recently observed inflation dynamics. Bernanke
(2010), for instance, argued that better anchored inflation expectations explain the
relatively low and stable inflation which has been observed in many countries around
the world, and that the fact that people expect inflation to remain relatively constant
throughout time muted any effect of the Great Recession on inflation rates. The IMF
(2013) concurred that better anchored inflation expectations has strengthened the rela-
tionship between past and current levels of inflation.

Most importantly and relevant for our study, inflation expectations play a particularly
important role in determining domestic inflation in EMs, where inflation is higher and
generally less stable than in AEs. Domestic factors, and not global ones, are the most
important determinants of domestic inflation in EMs, and inflation expectations are
a key determinant. In 2018, the IMF, which has done considerable work in the area of
EMs, found evidence that inflation expectations affect both the level of and the variation
in inflation.

Moreover, consistent with the New Keynesian Phillips Curve, research demonstrates a
strong relationship between lagged inflation and the current inflation rate. For instance,
using a panel regression model, Csonto et al. (2019) found a significant positive effect of
lagged inflation on current inflation rate. However, endogeneity inevitably poses a con-
cern when it comes to the Phillips Curve estimates with lagged inflation. Accordingly,
Hondroyiannis et al. (2007) use GMM estimation for the New Keynesian Phillips Curve;
they similarly find a highly significant and positive effect for lagged inflation. Neverthe-
less, when using time varying coefficient (TMV) estimation, they find that the “role of
lagged inflation in the NKPC [New Keynesian Phillips Curve] is spurious.”

Bailliu et al. (2003) analyze the nominal exchange rate, another potentially important
determinant of inflation in EMs, in a study focusing on inflation determinants in Mex-
ico, an emerging market, after it adopted a floating exchange rate regime. Based on their
hypothesis that nominal exchange rate affect inflation mainly by influencing the prices
of imports, Bailliu et al. (2003) found that a one-percent exchange rate depreciation
increased inflation by 0.34%.

Relatedly, oil prices have a positive and significant effect on inflation. Choi et al. (2018),
for instance, found in their analysis of a panel of 72 advanced and developing economies
around the world from 1970 to 2015 that a 10% increase in global oil inflation causes
a rise in domestic inflation by 0.4 percentage points. Mukhtarov et al. (2019) also find
that oil prices have positive effects on inflation over the long term in Azerbaijan: a 1%
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increase in oil prices leads to a 0.58% increase in inflation. Similarly, the study of Kamber
and Wong (2020) reports commodity price shocks largely drive inflation gaps and that
inflation targeting might have reduced the role of foreign shocks in the overall trends of
inflation.

A robust analysis of digitization’s role in new inflation dynamics has not yet occurred.
This is in part because, while it is broadly accepted that digitization has impacted every
aspect of human life worldwide, especially economic aspects, the exact impact of digi-
tization on a given economy is notoriously difficult to measure. In addition to a lack of
exact measurement of digitization, it has no universal definition (Barefoot et al. 2018).
The most comprehensive measure of digitization, to our knowledge, is theba one we use
here, Katz and Callorda’s Digital Ecosystem Development Index (2018; 2020a).

Recent attempts to formally measure the impact of digitization on various aspects of
the economy have offered significant empirical evidence that increases in digitization
have positive effects on economic growth. For instance, using their index, Katz and Cal-
lorda (2018) show that an increase of 1% in the digitization index leads to a 0.13% growth
in GDP per capita in a panel of 73 countries from 2004 to 2015. More recently, the same
researchers’ (2020b) study of the impact of digitization on the economy of the Arab
States region over the period from 2010 to 2017 found that a 10% increase in penetration
of mobile broadband led to a 1.81% increase in GDP per capita, while a 10% increase in
the digitization index led to a 2.49% rise in GDP per capita. Similarly, Emara and Katz
(2023) found that in the structural model, increased penetration of mobile unique sub-
scribers and mobile broadband-capable devices significantly contributed to Egypt’s GDP
growth from 2000 to 2019. A 1% rise in these penetrations was associated with a 0.172%
and 0.016% increase, respectively, in average annual GDP growth.

By contrast the impact of digitization on inflation is a relatively underexplored topic. Yi
and Choi (2005) test the hypothesis that the Internet can lead to lower inflation through
improved productivity; using panel data from 1991 to 2000, they find that increasing
the Internet users-to-population ratio has a significantly negative effect on the inflation
rate. However, Internet usage is just one of many complex aspects of digitization. Csonto
et al. (2019) used the number of existing IP addresses in a country as a proxy to quantify
the extent of digitization and conducted a panel study to analyze the impact of digitiza-
tion on inflation using sample of 36 AEs and EMs. Using a traditional Phillips Curve,
they found that a 1% increase in the extent of digitization lowers inflation by 0.006%.
Regarding the mechanism behind these results, the paper concluded that digitization
impacts inflation mainly through a cost-productivity channel.

Chao et al. (2021) developed a consensus model that could gather diverse opinions
on how digitization impacts inflation, providing a comprehensive understanding of this
relationship. This understanding is further enhanced by the work of Kou et al. (2021b),
who showed that the use of digital data sources in bankruptcy prediction models could
influence inflation through increased efficiency and new business models.

Building on this, Kou et al. (2021a) discussed how Fintech solutions, such as payment
and money transferring systems, could lead to cost savings and competitive pricing,
potentially impacting inflation. Finally, Li et al. (2022) demonstrated that digitization of
financial data analysis could reveal economic trends and behaviors influencing inflation,
tying together the insights from the previous studies.
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However, evidence on the topic is somewhat mixed. For example, a study of the possi-
ble disinflationary effects of digitization in Canada found no conclusive evidence (Char-
bonneau et al. 2017). The study’s authors argue that this result might be due to the fact
that the so-called “digital economy” is an insignificant part of the Canadian economy
overall. For instance, only a very small share of retail sales was online. Additionally, there
essentially is an oligopoly in telecommunications in Canada, which might be working
to keep the prices up, or at least prevent them from dropping, thereby outweighing any
potential downward effects of digitization on inflation (Charbonneau et al. 2017).

Overall, past findings suggest the impact of digitization on inflation depends on a
range of factors, including the level of education and the quality of governance. On one
hand, high levels of education contribute to lower inflation rates by improving human
capital, enhancing productivity, and reducing information asymmetries. In addition,
education can increase public awareness of inflation and its causes, which can lead to
more informed policy-making and better inflation outcomes (Reinsdorf 2022). Educa-
tion can also play an important role in the digitization-inflation link. Higher levels of
education can lead to greater digital literacy and more effective use of digital technolo-
gies, which can contribute to improvements in productivity and reduced inflationary
pressures (Wardana, et al. 2023; Reddy, et al. 2023).

On the other hand, good governance is essential for economic growth and develop-
ment.? It can help to reduce corruption and improve policymaking, which can contrib-
ute to lower inflation rates. In contrast, poor governance can lead to mismanagement of
fiscal and monetary policy, which can contribute to higher inflation rates (Ben Ali and
Sassi 2017; Sabir, et al. 2019; Emara and Rebolledo 2021; Emara and El Said 2021; Ben
Ali 20224, b, c). For example, using panel data for a sample of developed and developing
countries over the period 1991 to 2007, Salahodjaev and Chepel (2014) show that the
improvement in the quality of governance has a statistically significant impact in reduc-
ing inflation rates. Likewise using a panel system-GMM on a sample of 160 countries
over the period 1960 to 1999, Aisen and Veiga (2008) showed that political instability,
social polarization, and lower levels of democracy are associated with more inflation
volatility. Along the same lines, using cross-sectional data of 70 countries covering the
1980’s, Cukierman (1992) found a positive association between unstable and polarized
political system and inefficient tax structures, and hence, more seigniorage and infla-
tionary pressure.

Studies have also looked at the relationship between inflation and corruption. Ben Ali
and Sassi (2016), for example, studied a variety of measures of corruption of 100 devel-
oped and developing countries covering the period 2000 to 2017 and found all had a
significant, positive correlation with inflation. Corrupt governments often find sources
of revenue that lead to higher monetary expansion, such as seigniorage. The greater
money expansion contributes to higher inflation rates under these governments. Ben Ali
and Sassi (2016) also found corruption has a disparate impact on inflation in different
regions, which can be understood through differences in stable institutions in develop-

ing nations.

3 see for example, Ullah et al. 2022b; Mehanna et al. 2010; Emara and Jhonsa 2014; Emara and Chiu 2016; Han et al,,
2014; Ullah et al. 2021; Ullah et al. 2022a.
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Digitization has many positive impacts on different economic sides such as education,
corruption, democracy, and economic development, including inflation. Digitization has
had a significant impact on education in recent years. The widespread adoption of digi-
tal technologies and the internet has changed the way people access, consume, and cre-
ate educational content (Pettersson 2021; Haleem et al. 2022). More digitized economies
are correlated with more banking stability and less corruption, due to the automation of
banking (Ben Ali 2022a, b, ¢; Ben Ali and Diallo 2022). Similarly, digitization can result
in a decline in levels of corruption with quality legal enforcement in place (Ben Ali and
Sassi 2017). Likewise, digitization, through information and communication technology
(ICT) diffusion can act as a mechanism to control corruption (Ben Ali 2017). Digitiza-
tion can also lead to an increase in the level of democracy, and that as more individuals
are connected to ICT, digitization has increased effectiveness in promoting democracy
(Ben Ali 2020a, b). Additionally, digitization can lead to economic growth, can impact
inequality, can drive socioeconomic wellbeing, and can support financial inclusion
(Swaleheen et al. 2019; Hasan, et al. 2021; Ben Ali 2022a, b, c).

Some studies have suggested that the effect of ICT on economic growth or productiv-
ity may follow a non-linear functional form. As the level of ICT adoption increases, the
level of economic growth increases; however, the effect diminishes at higher levels of
adoption (Lang 2009; Hawash and Lang 2010; Vu 2011; Emara and Zhang 2021). This
may be due to diminishing returns to ICT investment or that fully realizing the benefits
of ICT requires the presence of complementary factors such as good governance or high
quality of human capital. Other studies have found evidence of an inverted U-shaped
relationship between ICT measures and economic growth or productivity, where ICT
has a positive effect on growth or productivity peaks at a certain level of ICT adop-
tion and then declines beyond that point (Albiman and Sulong 2017; Emara and Zhang
2021). This may be due to factors such as technology spillovers, the availability of com-
plementary resources or skills, or the presence of network effects. Yet to the best of our
knowledge, no previous studies have explored whether digitization and inflation reflect a
non-linear relationship, a gap this study addresses.

A simple theoretical model

This section presents a theoretical model to show the multiple channels through which
inflation affects digitization. Charbonneau et al. (2017) describe three main channels:
First, digitization is likely to enhance productivity and lower operational costs for firms.
Second, digitization can change the overall market structure—on the one hand by
diminishing barriers to entry for new firms, for whom technology is more readily avail-
able than ever before, but on the other hand by allowing mega-companies like Amazon
and the like to emerge and dominate the market. The third, and the most direct mecha-
nism is that digitization can directly cause a decline in the prices of telecommunications
or information goods and services.

In line with Rudd and Whelan (2007), Charbonneau et al. (2017) and Coffinet and
Perillaud (2017), Csonto et al. (2019) present a simple New Keynesian type Phillips curve
model that relates our study variables with a firms’ objective in minimizing the deviation
of their prices from optimal levels. The model assumes that labor is the only factor of
production in a Cobb—Douglas production function setting and combines the general
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formulation of prices changes in standard models of price stickness with the equation of

prices as a markup over marginal cost. Hence, the optimal levels of inflation are deter-

mined by Eq. (1) as follows®:
B

—Erme(d) + (( i;)u ) — ﬁaw

[(e(d) — ve(d))]

o ~ ~
+ m(wt(d) _Pt(d)) +

a- Ot)
(1)

In line with the New Keynesian type Phillips curve model, the above model presents
the multiple channels through which digitization affects inﬂation These channels are

the inflation expectations, IBa Et7m¢4+1(d), the output gap, (1 a) s yt(d), the technology,
= a)(pat(d) the real return of production, 0 a)¢ (wt(d) 2 (d)) the price markup over
marginal costs, (ka)ﬂt(d)’ and the labor mark-up, (17a) v¢(d). Also, d stands for the
degree of digitization in the economy. The parameter « refers to the Cobb—Douglas elas-
ticity of labor demand, g refers to the intertemporal discount factor, and ¢ is the demand
elasticity of substitution across different variety of goods.

The productivity channel and the lower barriers to entry hypothesis both seem espe-
cially relevant to our study and the case of EMs specifically. Indeed, as mentioned above,
the integration of the IoT alone in EMs has the potential to lower costs of production
significantly. EMs are usually experiencing rapid growth, or at least many simultane-
ous structural changes. While they often no longer rely on agriculture as their main
productivity sector, many industries and sectors, just like many institutions—political
or economic—may not yet be fully developed in EMs. Digital platforms and advanced
technologies, now readily available, help facilitate access to information, goods, and ser-
vices—not just from one’s country, but from around the world, thereby expanding these
countries’ exposure to and integration in the global economy. They also make it signifi-
cantly less expensive and difficult for many new businesses to emerge, and for market
competition to grow, which could in theory lower prices.

Most of the research in economic growth focusing on the endogenous growth models
started in the early 1990s. These models basically assume that growth arises from human
capital accumulation. The endogenous growth models were found to be important for
analyzing the different government policy measures on long run growth in the econ-
omy. Lucas (1988), Romer (1990), and Rebelo—with (1990), and without King (1991)—
were among the first economists to analyze the long-run implications of these models
on economic growth. Hence, in line with the endogenous growth theory models, it is
safe to assume that investment in human capital and improvement in governance affect
digitization and hence inflation through their impact on labor productivity, 4;, and out-
put,y;, as presented in Eq. (1). More specifically, improvement in either human capital
or governance is expected to have deflationary effects either directly through the impact
on increasing the level of output or indirectly through their impact on increasing labor
productivity.

* Where the tilde represents deviations from equilibrium.
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Data
This study draws on a panel data set on a sample of 54 AEs and EMs over the period
2004—-2018.° Table 1 of the Appendix provides a list of all the abbreviations used in our
study and Table 2 provides the list and classifications of countries in our data set. The
data on all relevant macroeconomic variables are collected from the World Develop-
ment Indicators (WDI) database. Tables 3 provides the definition and sources of all vari-
ables. We included data on the annual inflation rate using the GDP deflator expressed
as percentages. Additionally, we included data on the exchange rate of every country,
expressed as local currency to US dollar ratio, foreign direct investment net inflows,
expressed as a percentage of GDP, and pump gasoline (oil) prices, expressed in US dol-
lars. For the output gap variable, we followed Hodrick and Prescott (1997) and Corbae
and Ouliaris (2002), computing it as the percentage difference between GDP and poten-
tial GDP. Following Nguyen (2014), the latter is estimated using the trend component fil-
tered using the Hodrick-Prescott (HP) filter on the GDP expressed in billions of constant
2010 US dollars.®

Following Cebula (2015) we use a linear weighted average methodology for determin-
ing inflation expectations, as shown in the formula listed below; this gives more impor-
tance to the present inflation rate than the previous inflation rates by weighing the
current actual inflation rate more heavily.

3w +2-m1+1-mm

nf = . (2)

The decision of which countries and years to include was largely motivated by the
availability of the data on the Digital Ecosystem Development Index of Katz and Callorda
(2018),” or digitization index from here onwards, which consists of eight pillars includ-
ing infrastructure, digital competition, digital industries, digitization of production,
digital factors of production, household digitization, digital connectivity, and regulatory
framework and public policy. We use school enrollments on the primary, secondary, and
tertiary levels, all percentage gross, and their principal component analysis to give us
one holistic measure of education. We measure governance by the principal component
analysis of six governance measures including control of corruption, government effec-
tiveness, political stability, regulatory quality, rule of law, and voice and accountability
measures. The decision of which countries and years to include was largely motivated by
the availability of the data on these measures.

To provide some basic information about each variable, Table 4 presents the descrip-
tive statistics for both the full and the EMs samples for 14 variables: inflation (inf), output
gap (outgap), unemployment (unemp), exchange rate (exch), foreign direct investment
(fdi), pump price for gasoline (0il), and the development index (digindex), which has
eight components. Each variable has a different number of observations, ranging from
1,020 to 1,841. The table provides summary statistics for each variable, including the

mean, standard deviation, minimum value, and maximum value.

> Data will be made available on reasonable request.
© For more details on the HP filter, please check Nguyen (2014).

7 Professor Raul Katz has privately shared with us the Digital Ecosystem Development Index dataset.
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As the summary statistics indicate and confirming the average inflation time trends
discussed in Fig. 1, the mean of infin EMs is higher than the full sample (0.05 vs. 0.04)
confirming the fact that weaker institutions, less developed financial system, and higher
levels of corruption make it more difficult for these economies to achieve low and stable
inflation. Additionally, as highlighted in the introduction, since EMs are typically char-
acterized by greater economic volatility and political instability, we see it reflected by the
higher standard deviation as compared with the full sample (0.08 vs. 0.07). Moreover,
many EMs face a range of challenges in adopting and leveraging digital technologies,
such as limited access to technology infrastructure and lower levels of digital liter-
acy among the population, resulting in a lower level of digitalization overall, which is
reflected in a lower mean digindex than the full sample (35.67 vs. 46.68), confirming the
average digitization time trends discussed in Fig. 2. Additionally, the standard deviation
of the digitization index varies widely depending on the specific country and time period
being analyzed. According to our data, EMs have lower levels of variability in digindex
compared to the full sample (12.36 vs. 17.20), due to factors such as government policies
and investment in digital infrastructure.

Estimation methodology

The inflation model is estimated using panel System GMM panel estimation method-
ology proposed by Arellano and Bover (1995), Blundell and Bond (1998), and Blundell
etal. (2001)® to examine the impact of changes in the macroeconomic variables and digi-
tization levels on the variation of the domestic price level. Our main model is as follows,

infiyt =a + ,oirzfl.,F1 + ﬂloutgapi,t + Boinf _expi; + Baexchi; + ,szfdii,,i,t + Bsloil;;
+ Sdigindexi,t + &iy i=12,...N,t =2004,...T
(3)

where inf;, refers to inflation measured by the GDP deflator (% annual) for country i at
time ¢, infl,, ; is the AR(1) endogenous variable, and the set of regressors including out-
put gap “outgap’, inflation expectation “inf exp’, exchange rate “exch’, inflows of foreign
direct investment “fdi_in’, and the logarithm of the pump price for gasoline “/oil”. The
variable digindex;, represents the logarithm of digitization index or the logarithm of one
of its eight pillars, each one in a turn. Finally, the variable ¢, is the error term of the
regression.

To test for the potential non-linear deflationary effects of digitization, we expand the
previous model by adding the quadratic term of digitization, or digindex?, as follows,

inf;, =a + pinf;, | + Proutgap;, + Poinf _expis + Bzexchi, + Bafdi_in;, + Psloil;;

+ 8digindex; ,+y digindex?, + eis i=12,...N,t =2004,...T
(4)

The nonw-linear effect of digitization on inflation is derived by computing the
first derivative of Eq. (2) with respect to the digindex; , variable. We expect a negative
3 coefficient and a positive y coefficient which implies that a one unit increase in the
digitization index decreases inflation by a magnitude of §, however, this effect is
decreasing at an increasing rate of “2y”. The statistical significance of the total effect

8 For more details on the estimation methodology, check Emara and El Said (2020).
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of digitization on inflation is estimated using the standard errors of the coefficients §
and y. Additionally, the threshold level of the digitization index, or digindex;,, is cal-
culated as ‘ % ‘ where any level of digindex;, below digindex;, will result in a decrease

in inflation and any level above it results in a rate increase. Next, to test whether the
effect of digitization on inflation is different in EMs versus the full sample, we
restrict the sample to EMs and re-estimate the regression models of Eqgs. (3) and (4).

Finally, the last part of our empirical analysis analyzes the effect of two policy
tools; education and governance by testing whether investing in human capital and/
or improving governance maximizes the deflationary impact of digitization. To do
so, we expand our model as shown in Eq. (5) to add the variable “policy” which is
replaced by the three variables of school enrollments and their principal component,

“edu;” each one in a turn.

Similarly, to analyze the impact of the improvement in governance, the variable
policy is replaced with the six areas of governance and their principal component
“gov,” each one in a turn.

inf;, =a + pinf;, | + Proutgap; , + Poinfexp + Psexchir + Bafdiin;, + Bsloil;;

+ ddigindex; , + ydigindexiz,t + 0 (digindexiyt *policyi,t)
+ o diginde?, x policy,, ) + iz i=1,2.. .N,t=2004...T

(5)
Based on Eq. (5) we analyze how policy tools affects the impact of the improvement in
digitization on inflation by computing the first derivative with respect to digitization as

dinf;,
fOllOWS, W

= & + 2ydigindex; , + Vpolicy; , + 2¢digindex; ,.policy; ,. This deriva-
tive shows that the marginal effect of digitization on inflation is now dependent on the
level of digitization and the policy variable, where the impact of digitization on inflation
is computed at different values of digitization and policy variables. To find the variance
of the marginal effect, § + 2ydigindex;, + ¥ policy;, + 2¢digindex; ,.policy; ,, we first
need to know the variances and covariances of the individual terms. Let var(8) = 012,
mr(Zydigindexi,t) = 4y2var(digindexi,t),vur(z?policyl.’t) =02, andmr(2(pdigindexi,t.policyi,t) =
4¢%var (digindexi,t). var (policyi’t) + 4Cov(digindex,; ;, policy; ,). Assuming the terms are
uncorrelated and independent, the covariance term simplifies to zero, so the final expression
for the variance is: 02+ 4y 2var (digindexi,t) + 02 + 4¢var (digindexl.,t) var (policyi,t), and
the standard error is just the square root of that.

Finally, for all the regression models, the set of instruments used include the
lagged levels as well as lagged differences of our variables starting from the second
lag and the Arellano and Bond test is performed to ensure the absence of serial cor-
relation in second order. Additionally, the Hansen test is performed to ensure that
the chosen instruments are overidentified. All test results are reported on the esti-

mation tables in the Appendix.

Estimation results

To estimate the impact of digitization on domestic inflation we begin by highlighting
the linear model using alternative measures of digitization for the full sample, then
we outline our results for EMs sample, we next present the results for the non-linear
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specification, and then we proceed to discuss the role of human capital, proxied by
school enrollments, and institutional quality, proxied by governance indicators, in affect-
ing the role of digitization on inflation. In all tables presenting estimation results, the
symbols ***, ** * and * indicate statistical significance at the 1%, 5%, 10%, and 15% sig-
nificance levels, respectively. For all regression tables,” the Arellano and Bond serial
correlation test as well as the Hansen overidentification test are presented. The tests
confirm that there is no serial correlation in second order and that the set of instruments
used is overidentified.

Column (1) of Table 5 shows that the persistence of inflation is strongly negative,
where a one percentage point increase in lagged inflation, “Linf” leads to a decrease
in this year’s actual inflation by about 0.59 percentage point, confirming a short term
autoregressive first order relationship consistent with the empirical results of Csonto
et al. (2019) and Hondroyiannis et al. (2007).

The results also show that a one percent increase in the output gap, “outgap,” leads to
a 0.11 percentage point increase in the actual inflation rate. This result is expected and
is in line with the empirical findings of the Philips curve—see, for instance, Valadkhani
(2014); Jasova et al. (2020). Additionally, a one percentage point increase in inflation
expectations, “inf_exp, leads to about 0.21 percentage point increase in the actual level
of inflation rate. This result is consistent with both the theory—as inflation expectations
increase, we expect the current level of inflation to also increase—and the empirical evi-
dence—see, for instance, Csonto et al. (2019), Bernanke (2010), and IMF (2018).

Next, a one percent increase in the real effective exchange rate, “exch,’ leads to an
increase of 0.66 percentage point in the inflation rate, which goes in line with the empiri-
cal findings of Bailliu et al. (2002). A one percent increase in foreign direct investment,
“fdi; results in 0.56 percentage point increase in inflation rate. An expected result in the
context of aggregate demand analysis increases in foreign direct investment inflows lead
to increases in spending, which is then reflected in an increased aggregate demand, lead-
ing to a demand-push inflation. In the seventh row, a one percentage point increase in
oil prices “0il,” leads to a 0.71 percentage point increase in the actual inflation rate, con-
sistent with the results of Choi et al. (2018) and Mukhtarov et al. (2019).

Finally, a one percent increase in the digitization index, “digindex,’ leads to a 0.64 per-
centage point decrease in the inflation rate, consistent with the results of Csonto et al.
(2019) and Hoon Yi and Choi (2005). In Column (2) and (3), a one percent increase in
the Infrastructure of Digital Services Index, “infra, and Digital Connectivity Index,
“conn, leads to a 0.66 and 0.60 percentage point decrease in the inflation rate, respec-
tively. Columns (4) and (5) indicate that a one percent increase in the coefficients of the
Household Digitization Index, “dighou,” and the Digitization of Production Index, “dig-
prod; leads to a 0.67 and 0.63 percentage point decrease in the inflation rate, respec-
tively. Next, in Column (6) a one percent increase in Digital Industries Index, “comp;
decreases inflation by 0.59 percentage points. In Column (7) Factors of Digital Produc-
tion Index, “eco,” has the largest impact on inflation rate, where a one percent increase
in this pillar leads to 0.83 percentage point decrease in the inflation rate. Column (8)

% It is important to note that the p values of the Inverse Chi-squared statistic of the Fisher-type unit-root test (based on
augmented Dickey-Fuller tests) confirm the absence of unit root in our panels under the given test conditions (panel
means and time trend). Hence our model is trend stationary.
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shows that a one percent increase in Digital Competitive Intensity Index, “fp,” results in
0.67 percentage point decrease in the inflation rate. Finally, in Column (9) Regulatory
Framework and Public Policies Index, “instr,” where a one percent increase leads to 0.60
percentage point decrease in the inflation rate.

Next, the results of the linear model for EMs are presented in Table 6, where in Col-
umn (1) a one percentage point increase in Linf decreases in the current inflation rate
by about 0.57 percentage point. A one percent increase in outgap and inf _exp increases
inflation by about 0.18 and 0.21 percentage point, respectively. A one percent increase in
exch increases inflation by 0.16 percentage points. A one percent increase in fdi and oil
result in a 0.72 and 0.37 percentage points increase in inflation rate, respectively. These
results align with the full sample results and all the macroeconomic coefficients are
robust to the different specifications in Columns (1) through (9).

Furthermore, like our findings for the full sample, the results confirm that all the digitiza-
tion measures have deflationary effects in EMs. In Column (1), a one percent increase in
the digindex decreases the actual inflation rate by about 0.91 percentage points. The highest
deflationary impact derived from the eco pillar while the lowest is derived from the comp
pillar, where a one percent increase in each pillar results in 1.3 and 0.79 percentage points
decrease in inflation rate, as shown in Columns (7) and (6), respectively. Columns (2), (3),
(5) and (9) show that the impacts of infra, conn, digprod, and instr on inflation rate, where a
one percent increase in these four pillars lead to a about 0.95, 0.84, 0.93, and 0.83 percent-
age points decrease in inflation rate, respectively. Finally, Columns (4) and (8) shows that
dighou and fp have the same impact on inflation rate, where a one percent increase in any of
these two pillars leads to about 1 percentage points decrease in inflation, respectively.

Based on the above empirical results which confirms that all digitization measures have
deflationary effects in the full sample as well as EMs, it would have several implications for
policymakers and businesses operating in these economies. First, central banks may need
to adjust their monetary policy frameworks to take into account the deflationary effects of
digitization (Williams 2006). For example, if inflation is consistently lower than target due
to digitization, central banks may need to adopt a more accommodative monetary policy
stance to support economic growth and employment. Second, the deflationary effects of
digitization may contribute to greater price stability in emerging markets, which can help
to anchor inflation expectations and reduce the volatility of the business cycle (Yi and Choi
2005). Third, the deflationary effects of digitization may contribute to lower economic
growth rates in the short-term, as lower inflation reduces aggregate demand and slows
down the pace of economic activity. However, in the long-term, the productivity gains from
digitization may lead to higher economic growth rates (Katz and Callorda 2018; 2020).

Next, Table 7 shows the results of the non-linear model for the full sample, computed
as explained in the previous section. The estimation results of Column 1 confirms that a
one percent increase in this index results in a decrease in inflation rate by about 2.29 per-
centage points, however, this rate is decreasing at an increasing rate of two times 0.43, or
0.86 percentage point, with a threshold level of about 43.22 points, which is on the 50th
percentile of the index, as shown on Fig. 3. Additionally, the total effect of a one percent

increase in digindex decreases inflation rate by about 1.87 percentage points, aligning
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with previous findings of Lang (2009), Hawash and Lang (2010), Vu (2011), Albiman and
Sulong (2017), Emara and Kasa (2020), Emara and Zhang (2021), and Emara (2022).

This deflationary non-linear total effect of digitization on inflation is mainly derived
from the infra pillar, followed by instr, eco, conn, fp, digprod, dighou, and then comp,
where a one percent increase in each of these pillars results in a decrease in inflation rate
by about 2.69, 2.50, 2.44, 2.36, 2.23, 2.11, 2.1, and 1.97 percentage points, respectively,
with threshold levels for each pillar reported on the table.

These results on the non-linear effect of digitization-inflation imply that digitization
lowers inflation only up to a certain point (for instance, by initially lowering costs of pro-
duction), but have positive inflationary pressures at higher digitization levels leading to
an increase in the rate of inflation. As per the theoretical model of "A simple theoretical
model" section, digitization reduces average cost of production and enhances productiv-
ity, and thus creates economies of scale. Nevertheless, our results imply that once the
digitization index reaches a threshold level further improvement in digitization tends to
decrease as penetration increases, giving rise to diseconomies of scale, an increase in the
average cost of production, and thus an increase in the rate of inflation.

Next, Table 8 reports the non-linear estimation results for EMs, where Column (1)
shows that a one percent increase in digindex decreases inflation rate by about 2.38 per-
centage points, however this rate is decreasing at an increasing rate of 2 times 0.40, or
0.8, percentage points, leading to a total effect of —1.98 and a threshold level of 36.28.
The highest two total effects are derived from the eco and instr pillars, where a one per-
cent increase in each of these pillars decreases inflation rate by about 2.59 and 2.56 per-
centage point, respectively. Additionally, the third highest total effect is derived from the
infra pillar followed by the digprod, fp, and dighou, where a one percent increase in each
of these pillars leads to a total deflationary effect of about 2.55, 1.96, 1.86, and 1.55 per-
centage points, respectively. Finally, the impact of the comp and conn pillars have the
lowest total deflationary effects, where at one percent increase in these two pillars leads
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to a fall in inflation rate by about 1.50 and 1.18 percentage points, respectively.'® It is
important to note that the average non-linear deflationary effects of the eight pillars of
digitization are smaller in EMs versus that of the full sample (1.96 vs. 2.30). This result
is consistent with Katz and Callorda (2018), which found that the impact of the digital
ecosystem on growth as well is higher in AEs than in EMs.

Our results on non-linear effect of digitization on inflation in EMs imply that digi-
tization in these economies may have a beneficial effect on inflation at low levels, but
at some point, the benefits begin to diminish and may even turn negative. One possi-
ble explanation for this quadratic relationship is that digitization can lead to increased
productivity and efficiency, which can reduce costs and lower prices. However, as dig-
itization becomes more pervasive in EMs, the gains from increased efficiency may be
offset by other factors such as market concentration, regulatory constraints, and higher
demand for digital goods and services.

Next, we expand the empirical model to test whether education complements digi-
tization in reducing inflation in EMs. Table 9 computes the total effects of digitization
when interacted with the three levels of school enrollments: primary, “schp,” secondary,
“schs, tertiary, “scht; and their linear combination using the principal component analy-
sis, “edu;” each one in a turn. As per the results of the first row of the table, when dig-
index is interacted with the variable edu, the impact of digitization is magnified where
a one percent increase in digindex in the presence of high levels of school enrollments
decreases the actual inflation by 0.201 percentage points. This impact is mainly derived
from the effect of schp and scht where a one percent increase digindex when interacted
with each of these two variables, each one in a turn, leads to decreases actual inflation by
about 0.11 and 0.04, respectively. The effect of the interaction term of digindex with schs
is however insignificant.

Our result of the statistical significance of education interaction with digitiza-
tion implies that education matters and is a pre-condition for the digitization to have
a stronger deflationary effect. Education can complement digitization by enabling
individuals to take advantage of the opportunities and benefits offered by digitization
(Reinsdorf 2022). For example, individuals with higher levels of education may be more
likely to use digital technologies to access information, compare prices, and make more
informed purchasing decisions, which can put downward pressure on prices and reduce
inflation. Moreover, education can also contribute to the development of digital skills,
which can enhance productivity and innovation (Wardana, et al. 2023; Reddy et al.
2023). By providing workers with the skills needed to use digital technologies effectively,
education can help to promote digitization and its associated benefits, such as increased
efficiency and lower costs.

Finally, we test whether effective governance and digitization can work together
to create a favorable economic environment that reduces inflation. Table 10 shows
that one percent increase in digindex when interacted with governance, “gov,
decreases actual inflation by about 0.033 percentage points. This deflationary effect
is mainly derived from the impact of the improvement in corruption, “corrup,” rule
of law, “rl,” and voice and accountability, “vacc,” where a one unit increase in each

19 The threshold levels of each pillar are reported on the table.
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of these subindices decreases inflation by about 0.0215, 0.0217, 0.0156 percentage
points, respectively. Lower levels of corruption and improvements in the rule of law
are necessary for the smooth functioning and stability of institutions, as well as for
the overall health of the economy. This implies that the deflationary effect of digi-
tization is maximized in places with less corruption and stronger rule of law and
accountability.

The statistical significance of the governance interaction with digitization index
imply that effective governance can complement digitization in several ways. First,
good governance can help to create a stable and predictable business environment,
which can encourage investment and promote economic growth (Emara and Jhonsa
2014; Emara and Chiu 2016; Ullah et al. 2022a). This, in turn, can stimulate the
adoption of digital technologies and create opportunities for increased efficiency
and lower costs, which can help to reduce inflation. Second, good governance can
also facilitate the development of digital infrastructure, such as broadband networks,
that are essential for the widespread adoption of digital technologies (Dawes 2009;
Estevez and Janowski 2013; Addo and Senyo 2021). This can create new opportuni-
ties for businesses and individuals to use digital technologies to enhance productiv-
ity and reduce costs, which can also contribute to reducing inflation. Finally, good
governance can also ensure that the benefits of digitization are shared more broadly
across society (Donner 2009; Bogliacino 2014). This can help to mitigate the risks of
market concentration and ensure that the benefits of increased efficiency and lower
costs are passed on to consumers in the form of lower prices.

Robustness check
To confirm the relevance of our results, robustness checks are performed using two
methods of estimation methodologies. First, we started with ordinary least squares
(OLS) basic regression encompassing only inflation (in log) and the digitization
index (in log). As presented in Table 11, the regression provides negative and signifi-
cant coefficient (— 0.056) at the 99% confidence level, which is in line with theoreti-
cal predictions and correlations in Table 5. Next, we control for other explanatory
variables by adding the output gap, inflation expectation, exchange rate, inflows
of foreign direct investment, and the logarithm of the pump price for gasoline, the
point estimate of the effect of digitization index falls -in absolute value- but keeps
the negative and significant sign (—0.002). The non-linear effect is also confirmed,
where the negative impact digitization on inflation tends to decrease as penetration
increases, with a negative statistically significant total effect at the 10% (— 0.008).
Next, to deal with endogeneity effectively, in Table 12 we use the instrumental vari-
ables (IV) method to estimate the effect of digitization on inflation. The estimation pro-
vides a significant and negative coefficient that is comparable to the one obtained using
OLS (—0.002), with all control maintaining the same sign and statistical significance as
the ones obtained with OLS regressions. Lastly, the total negative non-linear effect of
FinTech on poverty is also confirmed (—0.008) at the 10% significance level.
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Conclusion and policy implications

Using system panel GMM estimation methodology, this paper analyzes the impact of
digitization on domestic inflation for a sample of 54 AEs and EMs over the period 2014—
2018. The results confirm the improvement in digitization has a non-linear deflationary
effect on domestic inflation in both the full sample and EMs sample. This result implies
that improvement in digitization has significant asymmetric deflationary effect. However,
once digitization reaches a threshold level of 43.22 points, further improvement in digiti-
zation reduces the magnitude of this effect. Furthermore, for EMs, level of education and
the improvement in governance strengthens the deflationary effect of digitization.

Our results have three policy implications. First, governments should undertake a careful
consideration of the optimal level of digitization that balances the benefits of increased effi-
ciency with the potential risks of market power and other negative effects. Second, invest-
ment should be made in both education and digitization to promote long-term economic
growth and price stability. Finally, investing in both effective governance and digital infra-
structure in order to create an environment that is conducive to productivity, innovation,
and efficiency can ultimately lead to lower inflation and improved economic outcomes.

Research on the implications of digitization should grow as digitization itself continues
to grow and impact economies worldwide. Future research on digitization and inflation
should examine the deflationary effect on the micro level using, for example, the DiGix
index developed by Camara and Tuesta (2017) which covers a hundred developed and
developing countries on multiple dimensions and sub-dimensions. These include infra-
structure, households’ adoption, enterprises’ adoption, costs, regulation, and contents,
for a total of 21 sub-indicators. Such research would be helpful to assess the impact of
digitization on factors, agents’ behavior, and institutions and also address micro level
data limitations inherent in the research presented in our study. Nonetheless our find-

ings point the way for valuable policy changes along with this future research.

Appendix

For all estimation results’ tables, the ***, **, * and * denotes statistical significance at
the 1%, 5%, 10%, and 15% levels respectively. Numbers in round parentheses (.) are the
robust standard errors See Tables 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12.

Table 1 List of abbreviations

Abbreviation Definition

AEs Advanced economies

EMs Emerging markets

GMM Generalized method of moments
HP Hodrick-Prescott

T™MV Time varying coefficient
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Table 2 List of countries

Advanced economies (AEs)

Emerging markets (EMs)

Australia
Canada

Czech Republic
Denmark

Hong Kong SAR, China
Iceland

Israel

Japan

Korea Rep
Latvia

New Zealand
Norway
Singapore
Sweden
Switzerland
Taiwan

United Kingdom
United States

Argentina
Azerbaijan
Barbados
Belarus

Brazil
Bulgaria
Chile

China
Colombia
Costa Rica
Dominican Republic
Ecuador
Egypt

El Salvador
Estonia
Guatemala
Hungary
India
Kazakhstan
Lebanon
Malaysia
Mexico
Panama
Paraguay
Peru
Argentina
Azerbaijan
Poland
Romania
Russian Federation
Saudi Arabia
South Africa
Thailand
Turkey
United Arab Emirates
Uruguay
Venezuela, RB
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Table 3 Definition and sources of variables
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Variable name

Definition

Abbreviation

Source

Inflation

Output gap

Inflation expectation

Exchange rate

Foreign direct investment

Oil

Digital ecosystem development

index

Infrastructure of digital services

index

Digital connectivity index

Household digitization index

Digitization of production index

Digital industries index

Percentage change in GDP
deflator (base year varies by
country)

Following Hodrick and Prescott
(1997) and Corbae and Quliaris
(2002), this variable is computed
as the difference between
Growth rate of real GDP per
capita (constant 2000 USS) and
the potential growth rate of real
GDP per capita, where the latter
is estimated using the trend
component filtered using the
Hodrick-Prescott (HP) filter on
the GDP expressed in billions of
constant 2010 US dollars

Author computation follow-
|n%CebuIa (2015) using 7w
o1 +2 'Tfr 1+lem— as

explained on Page 9

Real effective exchange rate
index (2010=100)

Foreign direct investment, net
inflows (% of GDP)

Pump price for gasoline (US$
per liter)

Composite Index of the follow-
ing eight pillars

Investments, quality of services,
coverage, and service infrastruc-
ture of the digital ecosystem
using 15 indicators such as
average broadband download
speed and number of satellites

Affordability, penetration,

and ownership in the digital
ecosystem using eleven indica-
tors such as monthly fixed and
penetration of computers and
smartphone users

Internet use, E-government,
E-commerce, and over the top
media services (OTTs) using
seven indicators that charac-
terize the household digital
ecosystem

Digital infrastructure, digital
supply chain, digital distribu-
tion, and digital processing
using six indicators that charac-
terize the digital ecosystem of
the enterprise sector

Weight of digital industries, loT,
and content production using
seven indicators such as high
tech and ICT services exports,
and Machine-to-Machine
(M2M) connections

inf

outgap

inf_exp

exch

fdi

oil
digindex

infra

conn

dighou

digprod

comp

WDI (2021)

Authors’ computation based on
data from WDI (2021)

Authors’ computation based on
data from WDI (2021)

WDI (2021)

WDI (2021)

WDI (2021)

Katz and Callorda (2018)

Katz and Callorda (2018)

Katz and Callorda (2018)

Katz and Callorda (2018)

Katz and Callorda (2018)

Katz and Callorda (2018)
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Variable name

Definition

Abbreviation

Source

Factors of digital production
index

Digital Competitive Intensity

Index

Regulatory framework and
public policies index

Education

Primary school enrollment

Secondary school enrollment

Tertiary school enrollment

Governance

Control of corruption

Government Effectiveness

Political stability and absence of
violence/terrorism

Human capital, schools, innova-
tion, investment in innovation,
and economic development

in the digital ecosystem using
eight indicators such as GDP per
capita, and USPTO patents

Level of competition using

4 indicators: the Herfindahl-
Hirschman Index (HHI) fixed and
mobile broadband, pay TV, and
mobile telephony

Role of government in the
digital ecosystem and cyber-
security and piracy using

four indicators such as % of
regulatory agency attributions
and % of non-licensed installed
software

The principal component of the
next three variables

Primary education provides chil-
dren with basic reading, writing,
and mathematics skills along
with an elementary understand-
ing of such subjects as history,
geography, natural science,
social science, art, and music

Secondary education completes
the provision of basic educa-
tion that began at the primary
level, and aims at laying the
foundations for lifelong learning
and human development, by
offering more subject- or skill-
oriented instruction using more
specialized teachers

Tertiary education, whether or
not to an advanced research
qualification, normally requires,
as a minimum condition of
admission, the successful
completion of education at the
secondary level

The principal component of the
next six indicators

Perceptions of the extent to
which public power is exercised
for private gain, including both
petty and grand forms of cor-
ruption, as well as "capture" of
the state by elites and private
interests

Perceptions of the quality such

as public services, the quality of
the civil service and the degree
of its independence from politi-
cal pressures

Perceptions of the likelihood
of political instability and/or
politically-motivated violence,
including terrorism

eco

fo

instr

edu

schp

schs

scht

gov

corrup

goveff

pols

Katz and Callorda (2018)

Katz and Callorda (2018)

Katz and Callorda (2018)

Authors’ computation

WDI (2021)

WDI (2021)

WDI (2021)

Authors’ computation

WDI (2021)

WDI (2021)

WDI (2021)
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Variable name Definition Abbreviation Source
Regulatory quality Perceptions of the ability of regq WDI (2021)

the government to formulate

and implement sound policies

and regulations that permit

and promote private sector

development
Rule of law Perceptions of the extent to rl WDI (2021)

which agents have confidence

in and abide by the rules of

society, and the likelihood of

crime and violence
Voice and accountability Perceptions of the extent to vacc WDI (2021)

which a country’s citizens are

able to participate in selecting

their government, as well as

freedom of expression, freedom

of association, and a free media
Table 4 Descriptive statistic - full sample
Variable Obs. Mean Std. Dev. Min. Max.
inf 1,841 0.044 0.070 —0.323 0.561
outgap 1,838 0.000 0.045 —0.963 0.810
unemp 1,394 8.847 6.452 0.140 47.500
exch 1,466 0.020 0.097 —0325 1.460
fdi 1,804 0.072 0.220 —0.583 4516
oil 1,464 1.125 0.503 0.000 2.540
digindex 1,020 46.676 17.197 6.708 81.530
infra 1,020 37.734 18.007 2.581 93.614
conn 1,020 57.037 22.318 5.589 95.723
dighou 1,020 40353 21.109 6.031 91.444
digprod 1,020 58.155 29.694 1451 100.000
comp 1,020 66.058 18323 5727 96.759
eco 1,020 18325 10.093 3172 55.784
fo 1,020 37.027 20.718 4456 83.622
instr 1,020 55428 18.279 1.007 88491
EMs sample
inf 1,310 0.054 0.080 —0.323 0.561
outgap 1,307 0.000 0.049 —0.963 0.810
unemp 866 9.691 7.372 0.140 47.500
exch 1,195 0.024 0.101 —0.325 1.460
fdi 1,296 0.049 0.058 —0.180 0.578
oil 1,009 0.943 0451 0.000 2.540
digindex 540 35.656 12.360 6.708 64.101
infra 540 29.283 14.831 2.581 78414
conn 540 47.225 21.162 5.589 95.723
dighou 540 28.590 14.696 6.031 68445
digprod 540 37.605 19.392 1451 76.968
comp 540 59.840 19.764 5.727 95.724
eco 540 13.130 5.829 3.172 37.179
fo 540 22.776 11.305 4456 52444
instr 540 46.756 17.669 1.007 82.165
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Table 5 Inflation and digitization—full sample

Regressors (1) (2) (3) (4) (5) (6) (7) (8) (9)
Linf —0.585%*  —0.585%**  —(0584** —(0585%* —0.588*** —0.585%* —0584"* —0589"* —(0.588***
(0.017) (0.016) (0.016) (0.016) (0.018) (0.017) (0.016) (0.017) (0.019)
outgap 0.112%* 0.117%* 0.177** 0.115%* 0.112%* 0.106%* 0.130%* 0.128** 0.106**
(5.463) (5.540) (5.561) (5.564) (5.393) (5.372) (5.660) (5.570) (5.351)
inf_exp 0.208*** 0.207*** 0.207*** 0.208*** 0.209%** 0.208*** 0.208 ***  0.208*** 0.208***
(10.606) (10.275) (10.523) (10.379) (10.819) (10.710) (10.060) (10.715) (10.238)
exch 0.661** 0.685** 0.681** 0.700** 0.644** 0.641%* 0.651** 0.660** 0.608**
(2.990) (3.070) (3.073) (3.028) (3.002) (2.956) (2.900) (3.033) (2.752)
fdi 0.558* 0.547* 0.512% 0.556* 0.591* 0.556* 0.488* 0472* 0.565*
(3.109) (3.028) (2.861) (2.986) (3.518) (3.038) (2.890) (2.868) (3.172)
loil 0.712% 0.658" 0.666"" 0.773* 0.809* 0.656* 0.820* 0.798* 0631
(0.466) (0.466) (0.457) (0.461) (0.491) (0.450) (0.475) (0.481) (0.434)
digindex — —0.64***
(0.191)
infra —0.66***
(0.199)
conn —0.596***
(0.180)
dighou —0.673%*
(0.198)
digprod —0.627%%%
(0.189)
comp —0.5971%**
(0.172)
eco —0.830%**
(0.235)
fo —0.670%**
(0.205)
instr —0.604***
(0.166)
Observa- 529 529 529 529 529 529 529 529 529
tions
No. Coun- 55 55 55 55 55 55 55 55 55
tries
AB, AR(1)  0.0229 0.0241 0.0223 0.0215 0.0228 0.0235 0.0241 0.0236 0.0202
p-value
AB,AR(2) 0.136 0.133 0.129 0.132 0.140 0.137 0.151 0.132 0.148
p-value
Hansen 0977 0974 0974 0976 0.982 0.981 0.982 0.973 0.980

p-value
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Table 6 Inflation and digitization-EMs sample

Regressors (1) (2) (3) (4) (5) (6) (7) (8) (9)
Linf —0.574%*  — 0574 —0573%  —0572%*  —0.577%*  —0574*  —0569%% —0579%* —0.577%**

(0.013) (0.012) (0.012) (0.013) (0.015) (0.013) (0.013) (0.013) (0.014)
outgap 0.175% 0.181* 0.170* 0.188* 0.186* 0.169* 0.212% 0.196* 0.177*

(11.798) (11.970) (11.844) (12.567) (11.693) (11.573) (12.822) (11.976) (12.118)
inf_exp 0.205*** 0.204*** 0.205%** 0.205%** 0.207*** 0.206*** 0.206*** 0.205*** 0.205%**

(12.854) (12.518) (12.728) (12.562) (13.251) (12.993) (12.453) (13.138) (12.803)
exch 0.159%** 0.163*** 0.161%** 0.174%%* 0.166*** 0.152%** 0.178*** 0.160*** 0.155%**

(0.537) (0.552) (0.538) (0.567) (0.552) (0.523) (0.580) (0.531) (0.561)
fdi 0.716** 0.673** 0.679** 0.738** 0.780** 0.711** 0.750%* 0.497* 0.771**

(0.323) 0.312) (0.309) (0.328) (0.343) (0.319) (0.330) (0.274) (0.358)
loil 0.369 0.321 0.331 0434 0.490 0.360 0.577 0412 0.347

(0.578) (0.602) (0.568) (0.574) (0.613) (0.560) (0.651) (0.576) (0.581)
digindex —0.905%**

(0.307)
infra —0.947%**

(0.326)
conn —0.836%**
(0.286)
dighou —0.998***
(0.335)
digprod —0.937%**
(0.322)
comp —0.788***
(0.264)
eco —1.303%**
(0.417)
fo —1.000%**
(0.350)
instr —0.835%**
(0.272)

Observa- 356 356 356 356 356 356 356 356 356
tions
No. Coun- 36 36 36 36 36 36 36 36 36
tries
AB, AR(1)  0.0237 0.0249 0.0221 0.0182 0.0221 0.0263 0.0207 0.0218 0.0236
p-value
AB,AR(2)  0.0695 0.0689 0.0651 0.0598 0.0693 0.0748 0.0737 0.0630 0.0860
p-value
Hansen 0.280 0.258 0.266 0.286 0.268 0311 0.266 0.264 0.280

p-value

Page 24 of 32



Emara and Zecheru Financial Innovation

(2024) 10:32

Table 7 Inflation and digitization-Non-linear model-Full sample
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Regressors (1) (2) (3) (4) (5) (6) (7) (8) (9)
Linf —0.586"**  —0.588*** —0590** —0587** —0.587*** —0587** —0587*** —0584"* —0.588%**

(0.018) (0.020) (0.019) (0.018) (0.018) (0.018) (0.018) (0.018) (0.019)
outgap 0.931% 0.726*' 0.811% 0.859% 0.952% 0.967* 0.761* 0.668 0.990%

(0.60) (0.520) (0.524) (0.534) (0.555) (0.552) (0.512) (0.526) (0.574)
inf_exp 0.210%** 0.213%** 0.217%** 0.209%** 0.207*** 0.209%** 0.208*** 0.209*** 0.209%**

0.011) (0.011) (0.010) (0.011) (0.010) (0.011) 0.011) (0.010) (0.011)
exch 0.528* 0.380" 0429* 0.445% 0.552* 0.562** 0.527* 0.509* 0.594**

(0.346) (0.270) (0.302) (0.290) (0.286) (0.280) (0.282) (0.284) (0.304)
fdi 0.594* 0.541* 0.692* 0.561* 0.614* 0.617* 0.673* 0.642%* 0.551%*

(0.314) (0.314) (0.369) (0.342) (0.326) (0.317) (0.348) (0.324) (0.273)
loil 0478 0479 0.460 0.308 0.203 0.557 0212 0.249 0517

(0.486) (0.364) (0.422) 0.415) (0.388) 0.427) (0.381) (0.420) (0.381)
digindex —2.294%

(1.304)
digindexsq  0.429

(0.343)
infra —3.453%

(0.813)
infrasq 0.760%**
0.178)
conn —2916%%*
(0.562)
connsq 0.561%%*
(0.114)
dighou —2.619%*
(0.697)
dighousq 0.533%**
(0.144)
digprod —2.621%%*
(0.629)
digprodsq 0.507%**
(0.119)
comp — 2.394%%*
(0.842)
compsq 0.425%*
(0.173)
eco —3.285%%%
(0.989)
ecosq 0.848***
(0.263)
fo —2814%xx
(0.644)
fosq 0.589%**
(0.129)
instr —3.132%
(1.208)
instrsq 0.628**
(0.266)

Total Effects —1.865%  —2.693%**  —2355%%*  —2086*** —2.114%* —1.969%* —2437%* —2225%* 2503

(0.965) (0.636) (0.454) (0.555) (0.512) (0.672) (0.727) (0.517) (0.942)
Threshold  43.22 36.51 48.95 42.04 5397 5723 2148 39.36 4367

Levels
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Table 7 (continued)

Regressors (1) (2) (3) (4) (5) (6) (7) (8) (9)

Observa- 529 529 529 529 529 529 529 529 529

tions

No. Coun- 55 55 55 55 55 55 55 55 55

tries

AB, AR(1)  0.0237 0.0216 0.0238 0.0255 0.0211 0.0220 0.0193 0.0206 0.0209
p-value

AB,AR(2) 0.144 0.159 0.157 0.146 0.132 0.144 0.128 0.148 0.154
p-value

Hansen 0971 0.983 0.983 0.987 0977 0.980 0.986 0.981 0.990
p-value

Table 8 Inflation and digitization-non-linear model-EMs sample

Regressors (1) (2) (3) (4) (5) (6) (7) (8) (9)

Linf —0575%%  —(Q576%%* 05724 05817  _0578%* —0576"* —0576"% —0576%* —(0580%*
(0.013) (0.013) (0.014) (0.013) (0.014) (0.013) (0.013) (0.013) (0.014)

outgap 0.159 0.144 0.177 0.110 0.155 0.155 0.151 0.156 0.143

(0.128) (0.120) 0.137) (0.116) (0.120) 0.114) 0.111) (0.129) (0.113)
inf_exp 0.204***  0.207*** 0.204*** 0.202%** 0.206*** 0.206*** 0.202%** 0.206*** 0.205%**
(0.012) (0.012) 0.011) (0.099) (0.013) (0.012) (0.013) (0.013) (0.013)

exch 0.152%* 0.137%* 0.169** 0.988* 0.146%** 0.144%* 0.145%** 0.147** 0.139%*

(0.061) (0.055) (0.070) (0.058) (0.056) (0.051) (0.048) (0.058) (0.050)
fdi 0.106** 0.101** 0.892** 0.495* 0.899** 0.818** 0.119* 0.816** 0.828**

(5.362) (5.036) (4.019) (2.811) (4.149) (3.701) (6.391) (3.613) (3.998)
loil 0.267 0370 0302 0.190 0.275 0315 0.128 0315 0.330

(0.515) (0.494) (0.547) (0.440) (0.561) (0.543) (0.440) (0.556) (0.505)
digindex — 2382

(0.961)
digindexsq  0.404*

(0.232)
infra —3.188***

(1.055)
infrasq 0.638***
(0.230)
conn —1.293%
(0.640)
connsq 0.113
(0.185)
dighou —1.858%**
(0.666)
dighousq 0.305*
(0.163)
digprod — 2.340%%*
(0.613)
digprodsq 0.385%*
(0.130)
comp — 1.727%*
(0.811)
compsq 0.225
(0.168)

eco —3418%

(1.672)
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Table 8 (continued)

Regressors (1) (2) (3) (4) (5) (6) (7) (8) 9)
ecosq 0.833*
(0.490)
fo —2.230%*
(0.545)
fpsq 0.368**
(0.143)
instr —3.164*
(1.751)
instrsq 0.601
(0.391)
Total Effects —1.978***  —2.550%** —1.180*  — 1553 —10955%* —1502** —2585% —1862** —2563*
(0.743) (0.831) 0.475) (0.519) (0.505) (0.654) (1.186) (0.442) (1.360)
Threshold  36.28 30.84 59.01 37.50 42.05 64.54 16.29 26.88 42.74
Levels
Observa- 356 356 356 356 356 356 356 356 356
tions
No.Coun- 36 36 36 36 36 36 36 36 36
tries
AB, AR(1)  0.0236 0.0268 0.0188 0.039%4 0.0235 0.0277 0.0256 0.0245 0.0268
p-value
AB,AR(2)  0.0651 0.0798 0.0532 0.0872 0.0744 0.0774 0.0728 0.0746 0.0915
p-value
Hansen 0.288 0.298 0.255 0.991 0.277 0.289 0.292 0.265 0.261
p-value

Table 9 Impact of education on the inflation-digitization link in EMs

Regressors Total effects
digindex & Education —0.207%
(0.010)
digindex & Primary School Enrollment —0.108**
(0.048)
digindex & Secondary School Enrollment —0.009
(0.013)
digindex & Tertiary School Enrollment —0.040%**

(0.014)
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Table 10 Impact of governance on the inflation-digitization link in EMs
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Regressors

Total effects

digindex & Governance —0.033***
(0.011)
digindex & Control of Corruption —0.022*%
(0.011)
digindex & Government Effectiveness —0.005
(0.011)
digindex & Political Stability —0.017
(0.017)
digindex & regulatory Quality —0.009
(0.021)
digindex & Rule of Law —0.022*%
(0.012)
digindex & Voice and Accountability —0.016%*
(0.007)
Table 11 Inflation & digitization—OLS robustness check
Regressors (1) (2) (3)
outgap 0.290%** 0.281%**
(0.0829) (0.081)
infdef_exp 1.092%** 1.175%*
(0.0626) (0.076)
exch 0.040* 0.034*
(0.022) (0.023)
fdi_in 0.0204* 0.021*
0.011) (0.011)
loil 0.003 0.0019
(0.004) (0.0044)
digindex —0.056*** —0.002** —0.011*
(0.00414) (0.001) (0.0068)
digindexsq 0.0022
(0.0016)
Total Effect 0.008*
(0.005)
Observations 948 529 529
R-squared 0.136 0.872 0.873
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Table 12 Inflation & digitization—IV robustness check

Regressors (1) (2) (3)
outgap 0.290*** 0.2817%**
(0.0825) (0.0809)
infdef_exp 1.092%** 1.175%%*
(0.0622) (0.0756)
exch 0.0400* 0.0340
(0.0216) (0.0225)
fdi_in 0.0204* 0.0214*
(0.0113) (0.0112)
loil 0.00259 0.00192
(0.00445) (0.00435)
digindex —0.0562*** —0.00195** —0.0105
(0.00414) (0.000839) (0.00671)
digindexsq 0.00218
(0.00157)
Total effect —0.008*
(0.005)
Observations 948 529 529

Acknowledgements
None.

Author contributions

NE participated in concept development, created and estimated model, and editing. DZ has developed the idea further
and has written the first draft. NE has revised the first and second drafts. Both authors read and approved the final
manuscript.

Availability of data and materials
None.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 2 September 2022 Accepted: 27 August 2023
Published online: 21 January 2024

References

Acemoglu D, Restrepo P (2018) Artificial intelligence, automation, and work. Working Paper 24196. National Bureau of
Economic Research. https://doi.org/10.3386/w24196. Accessed 5 Jan 2023

Addo A, Senyo PK (2021) Advancing e-governance for development: digital identification and its link to socioeconomic
inclusion. Gov Infor Q 38:101568. https://doi.org/10.1016/}.giq.2021.101568

Aisen A, Veiga F (2008) Political instability and inflation volatility. Public Choice 135:207-223. https://doi.org/10.1007/
s11127-007-9254-x

Albiman M, Sulong Z (2017) The linear and non-linear impacts of ICT on economic growth of disaggregate income
groups within SSA region. Telecomm Policy 41:555-572. https://doi.org/10.1016/j.telpol.2017.07.007

Arellano M, Bover O (1995) Another look at the instrumental variable estimation of error-components models. J Econom
68:29-51. https://doi.org/10.1016/0304-4076(94)01642-D

Bailliu JN, Garcés D, Kruger M, Messmacher M (2003) Explaining and forecasting inflation in emerging markets: the case
of Mexico. Working Paper 2003-17. Bank of Canada. https://www.bankofcanada.ca/wp-content/uploads/2010/02/
wp03-17.pdf. Accessed 5 Jan 2023

Barefoot K, Curtis D, Jolliff W, Nicholson JR, Omohundro R (2018) Defining and measuring the digital economy. US
Department of Commerce Bureau of Economic Analysis, Washington

Ben Ali M (2020) Does ICT promote democracy similarly in developed and developing countries? A linear and nonlinear
panel threshold framework. Telemat Inform 50:101382. https://doi.org/10.1016/j.tele.2020.101382

Ben Ali M (2020) How does corruption undermine banking stability? A threshold nonlinear framework. J Behav Exp
Finance 27:100365. https://doi.org/10.1016/.jbef.2020.100365


https://doi.org/10.3386/w24196
https://doi.org/10.1016/j.giq.2021.101568
https://doi.org/10.1007/s11127-007-9254-x
https://doi.org/10.1007/s11127-007-9254-x
https://doi.org/10.1016/j.telpol.2017.07.007
https://doi.org/10.1016/0304-4076(94)01642-D
https://www.bankofcanada.ca/wp-content/uploads/2010/02/wp03-17.pdf
https://www.bankofcanada.ca/wp-content/uploads/2010/02/wp03-17.pdf
https://doi.org/10.1016/j.tele.2020.101382
https://doi.org/10.1016/j.jbef.2020.100365

Emara and Zecheru Financial Innovation (2024) 10:32 Page 30 of 32

Ben Ali M (2022) Credit bureaus, corruption and banking stability. Econ Syst 46:100989. https://doi.org/10.1016/j.ecosys.
2022.100989

Ben Ali M (2022b) Digitalization and banking crisis: a nonlinear relationship? J Quant Econ 20:421-435. https://doi.org/10.
1007/540953-022-00292-0

Ben Ali M (2022) Digitalization and economic development: insights from developing countries. Routledge, New York.
https://doi.org/10.4324/9781003198284

Ben Ali M, Diallo B (2022) Credit bureaus and financial constraints do corruption matter? Middle East Dev J 14:118-132.
https://doi.org/10.1080/17938120.2022.2074672

Ben Ali M, Gasmi A (2017) Does ICT diffusion matter for corruption? An economic development perspective. Telem
Inform 34:1445-1453. https://doi.org/10.1016/j.tele.2017.06.008

Ben Ali M, Seifallah S (2016) The corruption-inflation nexus: evidence from developed and developing countries. BE J
Macroecon 16:125-144

Bernanke BS (2010) Opening remarks: The economic outlook and monetary policy. Presented at the economic policy
symposium, Federal Reserve Bank of Kansas City, Jackson Hole, Wyoming, 26-28 Aug 2010

Bhatnagar S, et al. 2017) Low inflation in advanced economies: facts and drivers. Analytical Note 2017-16. Bank of
Canada (Banque du Canada). Accessed 7 Jan 2023

Blundell R, Bond S (1998) Initial conditions and moment restrictions in dynamic panel data models. J Econom 87:115-
143. https://doi.org/10.1016/50304-4076(98)00009-8

Blundell R, Bond S, Windmeijer F (2001) Estimation in dynamic panel data models: improving on the performance of the
standard GMM estimator. Emerald Group Publishing, New Delhi

Bogliacino F (2014) A critical review of the technology-inequality debate (Revisién critica del debate tecnologfa-desigual-
dad). Suma Neg 5:124-135. https://doi.org/10.1016/52215-910X(14)70034-5

Bordo M, Levin A (2018) Central bank digital currency and the future of monetary policy. Monetary Policy Payments
3:143-178. https://doi.org/10.3386/w23711

Borio CEV, Filardo A (2007) Globalization and inflation: new cross-country evidence on the global determinants of
domestic inflation. Working Paper 227. Bank for International Settlements. https://www.bis.org/publ/work227.htm.
Accessed 5 Jan 2023

Bresnahan T, Brynjolfsson E, Hitt L (2002) Information technology, workplace organization, and the demand for skilled
labor: firm-level evidence. Q J Econ 117:339-376. https://doi.org/10.1162/003355302753399526

Camara N, Tuesta D (2017) DiGix: the digitization index. Working Paper 17/03. BBVA Research. Accessed 5 Jan 2023

Cavallo A (2017) Are online and offline prices similar? Evidence from large multi-channel retailers. Am Econ Rev 107:283-
303. https://doi.org/10.1257/aer.20160542

Cavallo A, Neiman B, Rigobon R (2014) Currency unions, product introductions, and the real exchange rate. Q J Econ
129(2):529-595. https://doi.org/10.1093/qje/qju008

Cebula R (2015) On the nominal interest rate yield response to net government borrowing in the U.S.: GLM estimates,
1972-2012. Int J Appl Econ 12:1-14

Chao X, Kou G, Peng Y, Viedma E (2021) Large-scale group decision-making with non-cooperative behaviors and hetero-
geneous preferences: an application in financial inclusion, European Journal of Operational Research, 288(1). ISSN
271-293:0377-2217. https://doi.org/10.1016/j.ejor.2020.05.047

Charbonneau K, et al. (2017) Digitization and inflation: a review of the literature. Bank of Canada

Choi S, Furceri D, Loungani P, Mishra S, Poplawski-Ribeiro M (2018) Oil prices and inflation dynamics: evidence from
advanced and developing economies. J Int Money Finance 82:71-96. https://doi.org/10.1016/jjimonfin.2017.12.004

Coffinet J, Perillaud S (2017) Effects of the Internet on inflation: an overview of the literature and empirical analyses. Paper
presented at the 5th IMF statistical forum, Washington, DC, 16-17 Nov 2017

Coibion O, Gorodnichenko Y (2015) Is the Phillips curve alive and well after all? Inflation expectations and the missing
disinflation. Ame Econ J: Macroecon 7:197-232. https://doi.org/10.1257/mac.20130306

Corbae D, Ouliaris S (2002) Extracting cycles from non-stationary data (unpublished; Austin and Singapore: University of
Texas and National University of Singapore).

Csonto B, Huang Y, Mora C (2019) Is digitization driving domestic inflation? International Monetary Fund. https://www.
imf.org/en/Publications/WP/Issues/2019/12/06/Is-Digitalization-Driving-Domestic-Inflation-48786. Accessed 20 Dec
2022.

Cukierman A (1992) Central bank strategy, credibility, and independence. MIT Press, Cambridge

Dawes S (2009) Governance in the digital age: a research and action framework for an uncertain future. Gov Inf Q
26:257-264. https://doi.org/10.1016/}.9iq.2008.12.003

Donner J (2009) Blurring livelihoods and lives: the social uses of mobile phones and socioeconomic development. Innov
Technol Gov Glob 4:91-101. https://doi.org/10.1162/itgg.2009.4.1.91

Emara N (2022) Asymmetric and threshold effects of fintech on poverty in SSA countries. J Econ Stud (online Only).
https://doi.org/10.1108/JES-03-2022-0158

Emara N, Chiu | (2016) The impact of governance environment on economic growth: the case of Middle Eastern and
North African countries. J Econ Libr 3:24-37

Emara N, El Said A (2020) Sovereign ratings, foreign direct investment and contagion in emerging markets: does being a
BRICS country matter? Int J Finance Econ 26:5217-5234. https://doi.org/10.1002/ijfe.2062

Emara N, El Said A (2021) Financial Inclusion and economic growth: the role of governance in selected MENA Countries.
Int Rev Econ Financ 75(5):34-54

Emara N, Jhonsa E (2014) Governance and economic growth: the case of Middle East and North African countries. J Dev
Econ 16:47-71

Emara N, Kasa H (2020) The non-linear relationship between financial access and domestic savings: the case of emerging
markets. Appl Econ 53:345-363. https://doi.org/10.1080/00036846.2020.1808174

Emara N, Katz R (2023) Digital empowerment: exploring the transformative impact of mobile penetration on Egypt's
economy, digital policy, regulation and governance, forthcoming.


https://doi.org/10.1016/j.ecosys.2022.100989
https://doi.org/10.1016/j.ecosys.2022.100989
https://doi.org/10.1007/s40953-022-00292-0
https://doi.org/10.1007/s40953-022-00292-0
https://doi.org/10.4324/9781003198284
https://doi.org/10.1080/17938120.2022.2074672
https://doi.org/10.1016/j.tele.2017.06.008
https://doi.org/10.1016/S0304-4076(98)00009-8
https://doi.org/10.1016/S2215-910X(14)70034-5
https://doi.org/10.3386/w23711
https://www.bis.org/publ/work227.htm
https://doi.org/10.1162/003355302753399526
https://doi.org/10.1257/aer.20160542
https://doi.org/10.1093/qje/qju008
https://doi.org/10.1016/j.ejor.2020.05.047
https://doi.org/10.1016/j.jimonfin.2017.12.004
https://doi.org/10.1257/mac.20130306
https://www.imf.org/en/Publications/WP/Issues/2019/12/06/Is-Digitalization-Driving-Domestic-Inflation-48786
https://www.imf.org/en/Publications/WP/Issues/2019/12/06/Is-Digitalization-Driving-Domestic-Inflation-48786
https://doi.org/10.1016/j.giq.2008.12.003
https://doi.org/10.1162/itgg.2009.4.1.91
https://doi.org/10.1108/JES-03-2022-0158
https://doi.org/10.1002/ijfe.2062
https://doi.org/10.1080/00036846.2020.1808174

Emara and Zecheru Financial Innovation (2024) 10:32 Page 31 of 32

Emara N, Rebolledo L (2021) Economic freedom and economic performance: does good governance matter? The case of
APAC and OECD Countries. J Econ Devel 46(1):1-32. https://doi.org/10.2139/ssrn.3814354

Emara N, Zhang Y (2021) The non-linear impact of digitization on remittances inflow: evidence from the BRICS. Tel-
ecomm Policy 45:1-17. https://doi.org/10.1016/j.telpol.2021.102112

Estevez E, Janowski T (2013) Electronic governance for sustainable development — conceptual framework and state of
research. Gov Inf Q 30:594-5109

Fernandez-Villaverde J, Sanches D (2019) Can currency competition work? J Monet Econ 106:1-15. https://doi.org/10.
1016/jjmoneco.2019.07.003

Gerlach S, Svensson LEO (2003) Money and inflation in the euro area: a case for monetary indicators? J Monet Econ
50:1649-1672. https://doi.org/10.1016/jjmoneco.2003.02.002

Haleem A, Javaid M, Qadri M, Suman R (2022) Understanding the role of digital technologies in education: a review.
Sustain Operat Comput 3:275-285. https://doi.org/10.1016/j.sus0c.2022.05.004

Hasan M, Le T, Hoque A (2021) How does financial literacy impact on inclusive finance? Finan Innov 7:40. https://doi.org/
10.1186/540854-021-00259-9

Hawash R, Lang G (2010) The impact of information technology on productivity in developing countries. Working Paper
19. Faculty of Management Technology, German University of Cairo. https://econpapers.repec.org/paper/gucwp
aper/19.htm. Accessed 15 Jan 2023

Hodrick R, Prescott EC (1997) Post-war U.S. business cycles: an empirical investigation. J Money Credit Bank 29:1-16.
https://doi.org/10.2307/2953682

Hondroyiannis G, Swamy PAVB, Tavlas GS (2007) The new Keynesian Phillips curve and lagged inflation: a case of spurious
correlation? Working Paper 57. Bank of Greece. https://ideas.repec.org/p/bog/wpaper/57.html. Accessed 15 Jan
2023

International Monetary Fund Research Department (2013) The dog that didn't bark: has inflation been muzzled or was
it just sleeping? In: World economic outlook: Hopes, realities, risks. http://dx.doi.org/https://doi.org/10.5089/97814
84334720.001.

International Monetary Fund (2018) Measuring the digital economy. Policy Paper. https://www.imf.org/en/Publications/
Policy-Papers/Issues/2018/04/03/022818-measuring-the-digital-economy. Accessed 15 Jan 2023

International Monetary Fund (2018) Challenges for monetary policy in emerging markets as global financial conditions
normalize. In: World economic outlook: challenges to steady growth. International Monetary Fund, Washington, DC.

Jasova M, Moessner R, Takéts E (2020) Domestic and global output gaps as inflation drivers: what does the Phillips curve
tell? Econ Model 87:238-253. https://doi.org/10.1016/j.econmod.2019.07.025

Kamber G, Wong B (2020) Global factors and trend inflation. J Int Econ 122:103265. https://doi.org/10.1016/}jinteco.2019.
103265

Katz R, Callorda F (2018) Accelerating the development of Latin American digital ecosystem and implications for broad-
band policy. Telecomm Policy 42:661-681. https://doi.org/10.1016/j.telpol.2017.11.002

Katz R, Jung J, Callorda F (2020a) Can digitization mitigate the economic damage of a pandemic? Evidence from SARS.
Telecomm Policy 44:1020-1044. https://doi.org/10.1016/j.telpol.2020.102044

Katz R, Jung J, Callorda F (2020b) Economic contribution of broadband, digitization and ICT regulation: Econometric
modelling for the Arab States region. International Telecommunication Union report. ITU Publications, Geneva,
Switzerland

Katz R (2020) Economic impact of COVID-19 on digital infrastructure. International Telecommunication Union report. ITU
Publications, Geneva, Switzerland

King R, Rebelo S (1990) Public policy and economic growth: developing neoclassical implications. J Political Econ
98:5126-5150. https://doi.org/10.1086/261727

Kou G, Olgu Akdeniz O, Dincer H, Yuksel S (2021a) Fintech investments in European banks: a hybrid T2 fuzzy multidimen-
sional decision-making approach. Financial Innovation 7:39. https://doi.org/10.1186/540854-021-00256-y

Kou G, Xu'Y, Peng Y, Shen F, Chen'Y, Chang K, Kou S (2021) Bankruptcy prediction for SMEs using transactional data
and two-stage multiobjective feature selection. Decision Support Systems 140:113429. https://doi.org/10.
1016/j.dss.2020.113429

Kuttner K, Robinson T (2010) Understanding the flattening Phillips curve. N Am J Econ Finance 21:110-125. https://
doi.org/10.1016/j.najef.2008.10.003

Lang G (2009) Measuring the returns of R&D: an empirical study of the German manufacturing sector over 45 years.
Res Policy 38:1438-1445. https://doi.org/10.1016/j.respol.2009.07.008

LiT, Kou G, Peng Y, Yu PS (2022) An integrated cluster detection, optimization, and interpretation approach for finan-
cial data. IEEE Trans Cybernet 52(12):13848-13861. https://doi.org/10.1109/TCYB.2021.3109066

Lucas R Jr (1988) On the mechanics of economic development. J Monet Econ 22:3-42. https://doi.org/10.1016/0304-
3932(88)90168-7

Mehanna R, Yazbeck Y, Sarieddine L (2010) Governance and economic development in MENA countries: does oil affect
the presence of a virtuous circle?”. J Transnatl Manag 15:117-150. https://doi.org/10.1080/15475778.2010.481250

Mukhtarov S, Mammadov J, Ahmadov F (2019) The impact of oil prices on inflation: the case of Azerbaijan. Int J Energy
Econ Policy 9:97-102. https://doi.org/10.32479/ijeep.7712

Nguyen G (2014) Estimating the output gap to supply management of interest rates in Vietnam. Working Paper 05/2014.
Graduate Institute of International and Development Studies. https://ideas.repec.org/p/gii/giihei/heidwp05-2014.
html. Accessed 6 Jan 2023

OECD (2019) Business insights on emerging markets OECD Development Centre and OECD Emerging Markets Network,
Organisation for Economic Co-operation and Development, Paris. https://t4.0ecd.org/dev/BI_2019.pdf

Pettersson F (2021) Understanding digitalization and educational change in school by means of activity theory and the
levels of learning concept. Educ Inf Technol 26:187-204. https://doi.org/10.1007/510639-020-10239-8

Rebelo S (1991) Long-run policy analysis and long-run growth. J Polit Econ 99:500-521. https://doi.org/10.1086/261764

Reddy P, Chaudhary K, Hussein S (2023) A digital literacy model to narrow the digital literacy skills gap. Heliyon,
Netherlands


https://doi.org/10.2139/ssrn.3814354
https://doi.org/10.1016/j.telpol.2021.102112
https://doi.org/10.1016/j.jmoneco.2019.07.003
https://doi.org/10.1016/j.jmoneco.2019.07.003
https://doi.org/10.1016/j.jmoneco.2003.02.002
https://doi.org/10.1016/j.susoc.2022.05.004
https://doi.org/10.1186/s40854-021-00259-9
https://doi.org/10.1186/s40854-021-00259-9
https://econpapers.repec.org/paper/gucwpaper/19.htm
https://econpapers.repec.org/paper/gucwpaper/19.htm
https://doi.org/10.2307/2953682
https://ideas.repec.org/p/bog/wpaper/57.html
https://doi.org/10.5089/9781484334720.001
https://doi.org/10.5089/9781484334720.001
https://www.imf.org/en/Publications/Policy-Papers/Issues/2018/04/03/022818-measuring-the-digital-economy
https://www.imf.org/en/Publications/Policy-Papers/Issues/2018/04/03/022818-measuring-the-digital-economy
https://doi.org/10.1016/j.econmod.2019.07.025
https://doi.org/10.1016/j.jinteco.2019.103265
https://doi.org/10.1016/j.jinteco.2019.103265
https://doi.org/10.1016/j.telpol.2017.11.002
https://doi.org/10.1016/j.telpol.2020.102044
https://doi.org/10.1086/261727
https://doi.org/10.1186/s40854-021-00256-y
https://doi.org/10.1016/j.dss.2020.113429
https://doi.org/10.1016/j.dss.2020.113429
https://doi.org/10.1016/j.najef.2008.10.003
https://doi.org/10.1016/j.najef.2008.10.003
https://doi.org/10.1016/j.respol.2009.07.008
https://doi.org/10.1109/TCYB.2021.3109066
https://doi.org/10.1016/0304-3932(88)90168-7
https://doi.org/10.1016/0304-3932(88)90168-7
https://doi.org/10.1080/15475778.2010.481250
https://doi.org/10.32479/ijeep.7712
https://ideas.repec.org/p/gii/giihei/heidwp05-2014.html
https://ideas.repec.org/p/gii/giihei/heidwp05-2014.html
https://t4.oecd.org/dev/BI_2019.pdf
https://doi.org/10.1007/s10639-020-10239-8
https://doi.org/10.1086/261764

Emara and Zecheru Financial Innovation (2024) 10:32 Page 32 of 32

Reinsdorf M (2022) Is inflation still low in the digital economy? Innovation Frontier Project. https://innovationfrontier.org/
is-inflation-still-low-in-the-digital-economy/. Accessed 19 Jan 2023.

Romer P, Rivera-Batiz L (1990) Economic integration and endogenous growth. Working Paper W3528. National Bureau of
Economic Research. https://doi.org/10.3386/w3528

Rudd J, Whelan K (2007) Modeling inflation dynamics: a critical review of recent research. J Money Credit Bank 39:155—
170. https://doi.org/10.1111/j.1538-4616.2007.00019.x

Sabir S, Rafique A, Abbas K (2019) Institutions and FDI: evidence from developed and developing countries. Finan Inno-
vat 5:8. https://doi.org/10.1186/540854-019-0123-7

Salahodjaev R, Chepel S (2014) Institutional Quality and Inflation. Mod Econ 5:219-223. https://doi.org/10.4236/me.2014.
53023

Sassi S, Ben Ali MS (2017) Corruption in Africa: what role does ICT diffusion play. Telecomm Policy 41:662-669. https://doi.
0rg/10.1016/j.telpol.2017.05.002

Svensson L (1997) Inflation forecast targeting: implementing and monitoring inflation targets. Eur Econ Rev 41:1111-
1146. https://doi.org/10.1016/50014-2921(96)00055-4

Swaleheen M, Ben Ali MS, Temimi A (2019) Corruption and public spending on education and health. Appl Econ Letters
26:321-325. https://doi.org/10.1080/13504851.2018.1468549

Ullah A, Pinglu C, Ullah S, Abbas H, Khan S (2021) The role of e-governance in combating COVID-19 and promoting
sustainable development: a comparative study of China and Pakistan. Chin Polit Sci Rev 6:86-118. https://doi.org/
10.1007/541111-020-00167-w

Ullah A, Pinglu C, Ullah S, Hashmi S (2022a) The dynamic impact of financial, technological, and natural resources on
sustainable development in Belt and Road countries. Environ Sci Pollut Res 29:4616-4631. https://doi.org/10.1007/
$11356-021-15900-4

Ullah A, Pinglu C, Ullah S, Qaisar Z, Qian N (2022) The dynamic nexus of e-government, and sustainable development:
moderating role of multi-dimensional regional integration index in Belt and Road partner countries. Technol Soc
68:101903. https://doi.org/10.1016/j.techsoc.2022.101903

Valadkhani A (2014) Switching impacts of the output gap on inflation: evidence from Canada, the UK and the US. Int Rev
Econ Finance 33:270-285. https://doi.org/10.1016/].iref.2014.06.001

Vu K (2011) ICT as a source of economic growth in the information age: empirical evidence from the 1996-2005 period.
Telecomm Policy 35:357-372. https://doi.org/10.1016/j.telpol.2011.02.008

Wardana L, Ahmad Al, Maula F, Mahendra A, Fatihin M, Rahma A, Nafisa A, Putri A, Narmaditya B (2023) Do digital literacy
and business sustainability matter for creative economy? The Role of Entrepreneurial Attitude. Heliyon 9:E12763.
https://doi.org/10.1016/j.heliyon.2022.e12763

Williams J (2006) The Phillips curve in an era of well-anchored inflation expectations. Federal Reserve Bank of San Fran-
cisco. https://www.frbsf.org/economic-research/wp-content/uploads/sites/4/Williams_Phillips_Curve.pdf. Accessed
4 Jan 2023

World Development Indicators (WDI) (2021) World Bank. https://databank.worldbank.org/source/world-development-
indicators

World Economic Forum (2018) Technology is delivering better access to financial services. Here's how. https://www.wefor
um.org/agenda/2018/04/digital-finance-can-fight-poverty-heres-how/. Accessed 15 Jan 2023

Yi M, Choi C (2005) The effect of the internet on inflation: panel data evidence. J Policy Model 27:885-889. https://doi.
0rg/10.1016/j.jpolmod.2005.06.008

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://innovationfrontier.org/is-inflation-still-low-in-the-digital-economy/
https://innovationfrontier.org/is-inflation-still-low-in-the-digital-economy/
https://doi.org/10.3386/w3528
https://doi.org/10.1111/j.1538-4616.2007.00019.x
https://doi.org/10.1186/s40854-019-0123-7
https://doi.org/10.4236/me.2014.53023
https://doi.org/10.4236/me.2014.53023
https://doi.org/10.1016/j.telpol.2017.05.002
https://doi.org/10.1016/j.telpol.2017.05.002
https://doi.org/10.1016/S0014-2921(96)00055-4
https://doi.org/10.1080/13504851.2018.1468549
https://doi.org/10.1007/s41111-020-00167-w
https://doi.org/10.1007/s41111-020-00167-w
https://doi.org/10.1007/s11356-021-15900-4
https://doi.org/10.1007/s11356-021-15900-4
https://doi.org/10.1016/j.techsoc.2022.101903
https://doi.org/10.1016/j.iref.2014.06.001
https://doi.org/10.1016/j.telpol.2011.02.008
https://doi.org/10.1016/j.heliyon.2022.e12763
https://www.frbsf.org/economic-research/wp-content/uploads/sites/4/Williams_Phillips_Curve.pdf
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://www.weforum.org/agenda/2018/04/digital-finance-can-fight-poverty-heres-how/
https://www.weforum.org/agenda/2018/04/digital-finance-can-fight-poverty-heres-how/
https://doi.org/10.1016/j.jpolmod.2005.06.008
https://doi.org/10.1016/j.jpolmod.2005.06.008

	Asymmetric threshold effects of digitization on inflation in emerging markets
	Abstract 
	Introduction
	Literature review
	A simple theoretical model
	Data
	Estimation methodology
	Estimation results
	Robustness check
	Conclusion and policy implications
	Appendix
	Acknowledgements
	References


