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DIGITAL TAX ADMINISTRATION,
CORPORATE TAX REVENUE AND
THE INFORMAL ECONOMY: PANEL
EVIDENCE FROM 25 TRANSITION
ECONOMIES, WITH A FOCUS ON
ARMENIA, KAZAKHSTAN, AND
UKRAINE

Abstract

Transition economies combine large informal sectors with constrained fiscal capacity,
and many have turned to digital tax administration to raise revenue and curb infor-
mality. This study assesses digital tax administration as a fiscal-governance innova-
tion in 25 transition economies, asking whether it increases corporate tax revenue and
reduces the informal economy, and whether these effects are linked. Using a balanced
annual panel for 2008-2022 (375 country-years) and fixed-effects models, it proxies
digital administration by the United Nations Online Service Index - a broad measure
of digital-government maturity — and tests mediation between revenue and informality.
A higher Online Service Index is robustly associated with higher corporate tax revenue
(B=0.89, p <0.01) - an increase of about 0.89 percentage points of GDP, roughly 41%
of the sample mean - that holds across alternative specifications including two-way
fixed effects, alternative constructions of the index, and sub-periods. Its association
with a smaller informal economy (B = —3.62, p < 0.05) is fragile: it is concentrated in
the pandemic years 2020-2021, turns insignificant once they are excluded (f = —1.54,
p = 0.12), and does not survive two-way fixed effects or all alternative informality
measures. An exploratory decomposition finds no evidence that this association runs
through corporate tax revenue: the indirect path is insignificant (about 16% of the total
effect), indicating parallel rather than sequential channels. Digitalizing tax administra-
tion is associated with a reliable corporate-revenue dividend, whereas the informality
association is conditional, pandemic-bound, and does not operate through tax revenue.

Keywords digital taxation, e-government, corporate tax, informal
economy, tax revenue, transition economies
JEL Classification H25, H26, 017, 033

INTRODUCTION

Transition economies carry some of the world’s largest informal sec-
tors. The shadow economy averages around 15% of GDP in advanced
economies, roughly 30-35% across emerging and developing econ-
omies, and more in several post-socialist and Commonwealth of
Independent States countries (IMF, 2021; Medina & Schneider, 2018);
across the 25 transition economies studied here, MIMIC-based esti-
mates frequently exceed a quarter of national output (Asllani et al.,
2026). Such informality narrows the tax base, depresses productivity,
and weakens fiscal capacity, making informality reduction and rev-
enue mobilization intertwined priorities.
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Governments have increasingly turned to digital tax administration to tackle both at once: electron-
ic registration, filing, payment, and invoicing lower compliance costs, expand third-party informa-
tion, and render transactions more visible (ADB, 2022; Nose & Mengistu, 2023). The OECD’s Tax
Administration 3.0 vision frames taxation as embedded in taxpayers’ own digital systems, with on-
line registration, filing and payment offered by around 90% of surveyed administrations (OECD, 2020,
2024). This shift reached the transition world too. The study follows three former Soviet economies most
closely — Ukraine, Armenia and Kazakhstan — non-high-income reformers with large informal sectors
and varied digital trajectories, from Armenia’s low connectivity base to Kazakhstan’s near-frontier on-
line provision. The rationale for these focal cases — contrasting digital-government trajectories within
the post-Soviet subgroup - is set out in the Data and Methodology section. In all three, the United
Nations Online Service Index rose substantially between 2008 and 2022, alongside sharp gains in inter-
net penetration. Yet the fiscal payoft remains contested, and evidence that digitalization shrinks the in-
formal economy is limited and drawn largely from single-country, firm-level studies (Nose & Mengistu,
2023; World Bank, 2021).

This study asks whether digital tax administration delivers measurable fiscal returns in transition econ-
omies, and through which channel. Using the 25-country panel and country fixed effects, it estimates
the association of digital administrative capacity — proxied by the United Nations Online Service Index,
a broad measure of digital-government maturity of which tax administration is one component - with
corporate tax revenue and with the informal economy, and tests whether revenue and informality re-
spond through a single mechanism or as distinct channels. (Azerbaijan, an active regional reformer, is
excluded only because comparable informal-economy estimates are unavailable.) The paper thus con-
tributes cross-country evidence on the heterogeneous fiscal effects of tax-administration digitalization.

1. LITERATURE REVIEW

The size of the informal economy is shaped at least
as much by the design of the fiscal and regulatory
environment as by development itself: although
informality recedes as economies mature, it co-
evolves with weak institutions, corruption and
regulatory friction (Bachas et al., 2024; Yarovenko
et al, 2024). The shadow economy is usually
quantified with the Multiple Indicators Multiple
Causes (MIMIC) approach, which links its size
to labor-market institutions - higher minimum
wages relative to median earnings expand infor-
mal employment - and to the fiscal and regula-
tory environment (Giedraitis et al., 2025). The tax-
structure evidence is mixed: higher personal in-
come and value-added tax rates enlarge the shad-
ow economy, whereas a higher effective corporate
income tax can curtail it by closing avenues for
profit shifting (Giedraitis et al., 2024), and strin-
gent command-and-control environmental rules
push firms into the grey market to escape compli-
ance costs (Lyeonov et al., 2025¢). Environmental
instruments cut both ways - carbon pricing and
market-based climate policy are associated with
smaller informal activity (Lyeonov et al., 2025b;
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Kusumawati et al., 2025), yet informality can it-
self sustain decentralized renewable initiatives
in under-served regions (Lyeonov et al., 2025a).
Informality also tracks broader conditions: wider
financial inclusion accompanies stronger, more in-
clusive growth (Saienko et al., 2025), while in econ-
omies such as Kazakhstan its persistence is bound
up with regional income inequality (Kurmanov et
al., 2026). These mixed determinants motivate a
closer look at administration, not tax rates alone,
as a lever against informality.

A second strand turns from tax rates to tax admin-
istration, framing compliance as a behavioral re-
sponse to detection and deterrence. The canonical
model treats evasion as a gamble against the prob-
ability of audit and the size of penalties (Allingham
& Sandmo, 1972), while modern work formalizes
the administrative side through an enforcement
elasticity of revenue — how collection responds
to administrative effort (Keen & Slemrod, 2017).
Two levers recur. Third-party information comes
first: rewarding consumers for requesting receipts
raises firms’ reported revenue (Naritomi, 2019),
and value-added-tax paper trails from electronic
billing strengthen enforcement even where ghost
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firms and misreporting persist (Brockmeyer et
al., 2024), while machine-readable digital formats
of corporate financial reporting widen the same
information base for analysis and audit (Shygun
et al., 2023). The second is institutional trust and
tax morale, which can substitute for scarce en-
forcement capacity but are easily eroded - for in-
stance, by amnesties that signal leniency (Erina
et al., 2026). At the corporate margin, avoidance
is tied to firms’ profitability and size, so the dis-
cretionary corporate base is where administra-
tive leverage is greatest (Shubita, 2024a, 2024b). In
transition economies, the level and structure of
taxation are themselves consequential for growth
(Shapovalova et al., 2023), so collecting the corpo-
rate base efficiently — not raising statutory rates —
carries particular weight. These channels - visibil-
ity, deterrence and morale - are what digital tools
were later built to operate at scale.

The literature accordingly studies digital tax
administration as the practical instrument of
these channels. Causal micro-evidence is en-
couraging: replacing in-person with electronic
filing lowers compliance costs, roughly doubles
payments among firms previously prone to eva-
sion and cuts bribery (Okunogbe & Pouliquen,
2022), while text-message reminders raise com-
pliance by about seven percent where the state’s
reach is thin (Cohen, 2024). At the macro level,
mobile-money adoption is associated with high-
er tax revenue in developing countries (Apeti &
Edoh, 2023), and syntheses of low-income set-
tings argue that targeted investment in taxpayer
registries and automated third-party verifica-
tion is needed to close the administrative gaps
growth alone leaves open (Okunogbe & Tourek,
2024). The dividend is not automatic: across 159
countries, digitalization raises domestic rev-
enue only when matched by governmental re-
sponsiveness and regulatory quality (Lee, 2025),
and at the organizational level its returns de-
pend on digital service quality and employee
engagement during transformation (Nafei et al.,
2025; Hernik et al., 2025).

A fourth body of work links digitalization to
governance quality, especially salient in transi-
tion economies. Structural analyses for Ukraine
find that deeper digital and technological devel-
opment reduces corruption and improves trans-
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parency by removing human discretion from
administration (Yefimenko et al., 2025a, 2025b),
consistent with evidence that the tax burden and
the scale of public consumption are among the
strongest correlates of corruption (Bozhenko
et al., 2022). Integrated reforms - system-wide
digital procurement and financial management,
not piecemeal fixes — catalyze accountability
(Ntuli et al., 2026), with anti-corruption audit
supplying the verification layer of such systems
(Bezverkhyi et al., 2024; Parasii-Verhunenko
et al., 2024), while ethical leadership co-moves
with digital competence and institutional con-
vergence across European states (Kyzenko et
al., 2026). Regional public-finance work adds
that government spending and exchange rates
track macroeconomic fundamentals and that
early-stage democratization can raise outlays
before institutions mature (Filipova et al., 2025;
Ahmed, 2025), and governance frameworks for
public-private partnerships and rural adminis-
tration stress tailored institutional design (Oe
et al., 2025; Beyi, 2025). Country fiscal studies
point the same way: the intensity of fiscal struc-
tural reform is now measurable as administra-
tions modernize, with Armenia a case in point
(Mkrtchyan & Petrosyan, 2025), even as small
post-Soviet economies remain exposed to mac-
roeconomic vulnerability that constrains fiscal
space (Mkrtchyan et al., 2026). Yet asymmet-
ric adoption widens a digital gap that can en-
trench rather than dissolve existing inequali-
ties (Kolupaieva & Tiesheva, 2023) - a double-
edged quality recurring across the wider digital
economy.

Beyond taxation, a large applied literature
documents how digital tools restructure op-
erations across sectors, with effects that are
uneven and sometimes adverse. Digital pay-
ments and enablement reshape banking stabil-
ity and insurance performance (Mustafa, 2024;
Dillianti et al., 2024); cloud and messaging plat-
forms transform marketing and customer sup-
port (Al-Hamamy et al., 2025; Kostiushko et
al., 2025); fintech lending, wider financial ac-
cess and quasi-viral technologies extend for-
mal finance and the sustainability transition
(Waliszewski et al., 2024; Budhathoki et al,
2025; Melnyk et al., 2025). Adjacent work on en-
vironmental taxation, transparency and decar-
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bonization maps the fiscal-governance interface
from the green side (Dobrovolska et al., 2024;
Samusevych et al., 2024; Kuzior et al., 2023),
and studies of healthcare, tourism and inclusive
development show digitalization diffusing into
ever more domains (Tossekbayev et al., 2025;
Mshana & Postrzednik-Lotko, 2026; Alemu,
2025). Human-centered and inclusive-design
concerns recur, from aligning technology with
social ends to the well-being of remote workers
(Siemon and Wolff, 2024; Sarwar et al., 2026),
and inclusive employment and persistent gaps
in inclusive growth are first-order constraints
(Zahorodnia et al., 2026; Saher et al., 2025).
Digitalization can also enable new harms — ma-
chine-learning privacy risks, sophisticated illic-
it channels - so technology may displace rather
than eliminate the shadow activity it is meant
to curb (Wieczorek & Postrzednik-Lotko, 2025;
Burrell et al., 2025).

Taken together, the literature leaves a clear gap.
The most credible evidence that digital admin-
istration changes taxpayer behavior is over-
whelmingly single-country and micro - elec-
tronic filing in Tajikistan, reminders in Uganda,
receipt lotteries in Brazil — while the few cross-
country panels concern mobile money or ag-
gregate digitalization and revenue rather than
informality (Apeti & Edoh, 2023; Lee, 2025).
Cross-country macro evidence linking targeted
digital tax administration to the size of the in-
formal economy is therefore scarce, and a pri-
or theoretical question is unresolved: whether
revenue and informality respond to digitaliza-
tion through a single enforcement mechanism
(Keen & Slemrod, 2017) or through several par-
allel channels - lower compliance costs, reduced
extortion, a broader base and shifting tax mo-
rale - that need not move together (Okunogbe &
Tourek, 2024). The present study addresses both
gaps. It assembles a balanced 2008-2022 panel
of 25 transition economies, proxies digital tax
administration with the United Nations Online
Service Index, and tests whether corporate tax
revenue mediates any informality effect, gaug-
ing how far that effect depends on the pandem-
ic-era digital surge. It thus joins two literatures
that have developed largely apart — the macro-
fiscal returns to digitalization and the determi-
nants of the shadow economy - and offers cross-

http://dx.doi.org/10.21511/imfi.23(3).2026.30

country evidence on a transmission question
micro-studies can address only one country at
a time.

2. DATA AND METHODOLOGY

2.1. Data and sample

The study uses a balanced annual panel of 25 tran-
sition economies over 2008-2022 (T = 15; N =
375), spanning former Soviet (non-Baltic), Central
and Eastern European EU, and Western Balkan
economies (listed in Appendix A); Azerbaijan
and a few others are excluded for lack of compa-
rable informal-economy estimates. The dependent
variable, the informal economy (% of GDP), is the
MIMIC C.1 estimate of Asllani et al. (2026), with
three alternative scalings (DGE, Elgin, Medina-
Schneider) and a Quality of Government series
used for robustness. The mediator, corporate tax
revenue (% of GDP), is from the ICTD/UNU-
WIDER Government Revenue Dataset. Digital
tax administration is proxied by the UN Online
Service Index (OSI) from the E-Government
Survey, with the E-Government Development
Index, its subcomponents, and the World Bank
GovTech Maturity Index as alternatives. The OSI
is a broad measure: it captures the online matu-
rity of public administration across policy areas
rather than the implementation of tax-specific in-
struments such as electronic filing, e-invoicing, or
digital VAT reporting. Three considerations nev-
ertheless support its use while bounding the inter-
pretation. First, no indicator of tax-administration
digitalization is available as a country-year panel
for the 25 economies over 2008-2022: tax-specif-
ic sources such as the GovIech Maturity Index
cover only recent cross-sections (2020 and 2022
in these data) and cannot support fixed-effects
estimation. Second, the index is not unrelated to
tax digitalization: the online provision of income-
tax services is among the services assessed by the
UN Survey’s Online Service Questionnaire, so
movements in the OSI partly reflect the digitali-
zation of revenue administration itself. Third, in
the sample economies, tax e-services are typically
delivered through the same national portals and
interoperability infrastructure that the OSI evalu-
ates. The estimates are therefore read as associa-
tions between the digital maturity of public ad-
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ministration - of which digital tax administration
is a core component - and fiscal outcomes, not
as effects of tax-specific instruments alone (see
Limitations). Institutional controls come from the
Worldwide Governance Indicators, Transparency
International, and V-Dem; macroeconomic con-
trols from the World Development Indicators.
Biennial digital indices are forward-filled; defini-
tions and descriptive statistics are in Table 1.

2.1.1. Selection of focal economies

Three economies — Armenia, Kazakhstan, and
Ukraine - receive separate descriptive attention
(Figure 1). Their selection is transparent rather
than formal: it is partly project-motivated, as the
study was prepared within a research project on
government digitalization centered on Ukraine
(see Acknowledgement), and partly theory-driven,
as the three form contrasting digital-government
trajectories within the former-Soviet (non-Baltic)
subgroup rather than representatives of the full
sample. Armenia is a low-base digitalizer, enter-
ing the period with the sample’s lowest internet
penetration; Kazakhstan is a high-OSI regional
frontrunner, approaching frontier provision by
2022; Ukraine is a rapid digitalizer operating un-
der institutional shock, sustaining reform through
the pandemic and, in 2022, war. Their role is illus-
trative — tracing the within-country variation that
the fixed-effects estimator exploits — rather than
a comparative case design: no country-specific re-
gressions are estimated, and all inferential results
refer to the full panel or to the income-group splits
(Table 3).

2.1.2. Variables and transformations

The regressor of interest is the OSI, bounded in [0,
1]. Controls comprise control of corruption (WGI),
log GDP per capita, the inverse hyperbolic sine
of inflation, trade openness (% of GDP), internet
penetration, and urbanization. GDP per capita is
logged for right-skewness; inflation is transformed
by the inverse hyperbolic sine, which accommo-
dates the deflationary episodes a logarithm cannot
and reduces skewness from +3.7 to —0.5. Because
the institutional indicators are highly collinear (|r|
up to 0.97; Appendix B), only control of corrup-
tion enters the primary models, the rest reserved
for robustness.
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2.1.3. Model specification

Two specifications are estimated for each outcome
and reported side by side (Table 2). The first is a
one-way fixed-effects model with a common lin-
ear time trend (Equation 1):

Y=, +B-0SI, +y'X,+6-t+¢g,, (1

where 7 indexes countries (i = 1, ..., 25) and t years
(t = 2008, ..., 2022); Y, is the outcome; OSI, the
Online Service Index; X, the control vector and
y’its coeflicients; § the coefficient on the common
trend t; «, country fixed effects; and g, the idio-
syncratic error. Y is corporate tax revenue in the
primary model and the informal economy in the
secondary one; S, the coefficient on OSI, is the pa-
rameter of interest, with standard errors clustered
by country throughout.

The second is the two-way fixed-effects model
(Equation 2). The two identify B from different
variation, and neither dominates a priori. The
OSI rises secularly across almost all 25 econo-
mies while informality declines, so year fixed ef-
fects absorb not only common shocks but also the
common component of digitalization itself; the
two-way estimator then identifies p only from de-
viations of a biennial, forward-filled index around
year means — variation that is limited and partly
mechanical. A two-way null is therefore consis-
tent both with the absence of a within-country re-
lationship and with the absence of usable identify-
ing variation, and these data cannot separate the
two. The common linear trend removes the shared
secular movement while preserving cross-country
differences in the pace and timing of digitaliza-
tion as identifying variation. We acknowledge the
interpretive limit this creates: if the association
reflected common temporal developments - the
pandemic, coordinated digital-government re-
forms, shared infrastructure gains - the trend
specification could overstate it relative to the two-
way model. Interpretation is therefore anchored
on the more restrictive two-way model: for cor-
porate tax revenue the two specifications agree,
and the effect is treated as robust; for the informal
economy the two-way model returns a null, so the
trend-specification association is read as the alter-
native, not the headline, estimate (see Results). As
robustness, we also estimate pooled OLS, one-way
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country and year fixed effects, and country-specif-
ic trends (Equation 3):

Y, =a,+A +p-0OSI, +y" +¢,, )
Y,=a,+p-0SI,+y'X, +0,-t+¢,, ()

where A is year fixed effects (Equation 2), and §,
is country-specific trend coefficients (Equation 3);
other symbols are as in Equation 1.

2.1.4. Mediation analysis

To test whether the OSI-informality associa-
tion runs through tax compliance, we estimate a
product-of-coefficients model with corporate tax
revenue (M) as mediator: the a-path regresses the
mediator on the OSI (Equation 4), and the b-path
and direct effect add the mediator to the informal-
economy equation (Equation 5):

M,=a,+a-OSI,+y'X,+0 t+u,, 4)

IE. =0,+c"OSI,+b-M,
+y' X, +0-t+g,,

®)

where M, is the mediator; « the a-path coefficient
and u, its error; IE, the informal economy; b the b-
path coefficient and ¢’ the direct effect of OSI,, con-
ditional on the mediator; the rest as in Equation 1.
The total effect ¢ is the OSI coefficient in Equation
1 with informality as the outcome; the indirect ef-
fect (« - b) is assessed with the Sobel test, and the
proportion mediated is (& - b/ ¢).

Because a mediation decomposition is informa-
tive only to the extent that the total effect is itself
stable, and the OSI-informality association is con-
centrated in the pandemic years (see Results), the
decomposition is reported as an exploratory, de-
scriptive exercise: its purpose is to test whether the
conventional compliance channel finds support
within the primary specification, not to quantify
a structural mediation mechanism.

2.1.5. Estimation and diagnostics
Models are estimated by within (fixed-effects)

OLS with cluster-robust (CRV1) standard errors
by country. Fixed over random effects rests on

http://dx.doi.org/10.21511/imfi.23(3).2026.30

theory rather than a Hausman test (whose vari-
ance matrix is not positive definite under cluster-
ing): the economies are a non-random group, and
time-invariant attributes such as Soviet legacy and
EU membership plausibly correlate with gover-
nance and development, rendering random effects
inconsistent. Multicollinearity is not a concern
(all variance-inflation factors below 5, maximum
4.12). Robustness spans four dimensions: alterna-
tive MIMIC scalings and digital-administration
proxies, alternative fixed-effects structures, and
period and income-group sub-samples (Table
3). A further set of checks addresses the tempo-
ral construction of the biennial OSI (actual sur-
vey waves, linear interpolation, one- and two-year
lags), corporate-tax coverage (a near-balanced
subpanel, exclusion of thin clusters and of the fo-
cal economies, country-level leave-one-out), and
small-cluster inference (CRV3 jackknife standard
errors and the wild cluster bootstrap) (Table 5).

2.1.6. Limitations

Several limitations apply. First, the informal econ-
omy is not observed but MIMIC-estimated, and
its 2020-2021 pandemic contraction-and-rebound
(Figure 1) drives the association, which vanishes
and reverses before 2020; we therefore treat it as
pandemic-era and secondary to the period-stable
corporate-tax finding. Second, the principal re-
gressor is imperfectly targeted: the OSI measures
the digital maturity of government service deliv-
ery broadly, not tax-administration instruments
specifically, and no tax-specific panel measure ex-
ists for these economies over the study window;
the estimates therefore cannot separate the contri-
bution of tax digitalization from the wider digital
transformation in which it is embedded, and the
paper’s use of ‘digital tax administration” should
be read with this caveat. Third, the design is associ-
ational, not causal: time-varying confounders and
reverse causality cannot be excluded, and - given
a near-universal digital upswing and a common
pandemic shock - within-country institutional
change cannot be fully separated from shared tem-
poral developments, as the two-way fixed-effects
results illustrate. Fourth, structural data features
are handled explicitly: Kazakhstan’s corporate-tax
data begin only in 2019 (contributing later years
only), and Ukraine’s 2022 tax revenue is inflated
by war-related grants while its 2022 informality
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value is missing. Fifth, the sample excludes a few
economies lacking comparable estimates, and the
2022 cutoff places the latest GovIech data (2025)
outside the window.

3. RESULTS

3.1. Descriptive statistics

The analysis is based on a balanced panel of 25
transition economies observed annually over
2008-2022 (T = 15; N = 375), spanning the Baltic
and Central European EU members, the Western
Balkans, and the non-Baltic former Soviet repub-
lics. Table 1 reports descriptive statistics for the
dependent variable, the mediating channel, the
digital-administration proxies, and the institu-
tional and macroeconomic controls.

The informal economy, measured by the primary
MIMIC estimates of Asllani et al. (2026), averages
26.6% of GDP (SD = 13.6) and ranges from 1.1%
to 54.8%, reflecting wide heterogeneity between
highly formalized and shadow-intensive econo-
mies. The principal proxy for digital tax adminis-

Table 1. Descriptive statistics

tration, the UN Online Service Index (OSI), aver-
ages 0.575 (SD = 0.198) and covers almost the en-
tire theoretical range (0.037-1.000), so the sample
includes both early-stage and frontier digitalizers.
Corporate tax revenue — the fiscal channel exam-
ined below - averages 2.18% of GDP (SD = 0.86).

Ukraine, Armenia, and Kazakhstan, the three
focal economies (their selection is set out in the
Data and Methodology section), illustrate the
digital transformation that underlies the sample.
Between 2008 and 2022, the OSI rose from 0.54 to
0.82 in Ukraine, from 0.27 to 0.72 in Armenia, and
from 0.32 to 0.93 in Kazakhstan, the last reaching
near-frontier provision (Figure 1). Internet pen-
etration expanded sharply over the same period
(Ukraine 11.0% to 82.7%; Armenia 6.2% to 77.0%;
Kazakhstan 11.0% to 92.3%), with Armenia start-
ing from the lowest connectivity in the sample.
In all three countries, the informal-economy se-
ries shows a marked contraction in 2020 followed
by a rebound in 2021 (Ukraine 22.7% to 43.8%;
Armenia 17.6% to 27.6%; Kazakhstan 25.4% to
42.0%) - a pattern reflecting the pandemic adjust-
ment embedded in the underlying estimates, to
which we return when assessing robustness.

Sources: Asllani et al. (2026); ICTD/UNU-WIDER; UN (2022); World Bank (2022, 2023, 2025); Transparency International (2023); V-Dem Institute (2023).

Variable : N © Mean SD Min | Median | Max
Dependent variable — informal economy (% of GDP)
ie_main — Informal economy, MIMIC primary (Asllani et al.,
2026,C.A) SRS WA NI D D
i 3 10

,,,,,,,,,,,,,,,,,,,,,,, 323 .5..3423 11033 ..
,,,,,,,,,,,,,,,,,,,,,,, 3142708 1022 0
ie_qgog_mimic — QoG MIMIC (robustness, to 2020) 286 34.15 10.30

Mediating channel — tax revenue (% of GDP)

tax_total ~Total tax revenue incl, social contributions (ICTD) 366 . 3552 737 .
_tax_income — Income, profits, capital gains (ICTD) 1 360 il 608 i L78
tax_gs — Goods and services, incl. VAT (ICTD) 360 13.11 3.01
_tax_corp — Corporate income (ICTD) e 329228 086
tax_wdi — Tax revenue (WDI, fallback) : 333 i 18.08 : 3.26
Digital tax / government administration
osi —UN Online Service Index (primary proxy) ; 375 0575 3 0198 3
i 3

8

3
e 3750510
375 0.508
gtmi— WB GovTech Maturity Index (2020 & 2025‘) """"""" o 50 ........ 0671 S
Institutional controls
corr_wgi— Control of Corruption (WGI) ; 375 -0.142
“gov_eff— Government Effectiveness (WGI) 375 0061 |
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Variable Max

mr.y‘l'ge_law - Ru'I‘e of Law (\'/‘\{‘GI) ) 1522
qual — Regulatory Quality (WGI) 1.607

.:‘C.P'I‘— Corrupti:(:)n Percepﬁéns Index (fl) 75.0
pubcorr_vdem — Public Sector Corruption (V-Dem) ; 0.914

Macroeconomic controls

_gdp_pc—GDP per capita, current USD (WDI) . 375 9976 29,193
51,710

59.22

20405
78.47

internet — Internet users, % (WDI) 92.30

Note: Balanced panel of 25 transition economies, 2008—2022 (N = 375). Variable-level N reflects raw coverage before listwise
deletion. WGI scores range from -2.5 to +2.5; indices (OSl, EGDI, GTMI, V-Dem) range from 0 to 1.

—o— Online Service Index (left)

== Informal economy (right)

Sources: UN (2022); Asllani et al. (2026).
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Note: Online Service Index (left axis, solid) and the informal economy as a share of GDP (right axis, dashed) for Ukraine, Ar-
menia, and Kazakhstan; the shaded band marks the 2020-2021 pandemic window.

Figure 1. Digital-government maturity (OSl) and the informal economy
in the focal economies, 2008-2022
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3.2. Digital-government maturity
and corporate tax revenue

All estimates use country fixed effects and a com-
mon linear time trend, with standard errors clus-
tered by country (the choice of specification is jus-
tified in the Data and Methodology section). The
first and most robust finding concerns the fiscal
channel.

Table 2, column 1, reports the association of digi-
tal-government maturity (OSI) with corporate tax
revenue. The OSI coeflicient is positive and signif-
icant (p = 0.890, SE = 0.282, p = 0.005; 95% CI
[0.306, 1.475]). In economic terms, moving from
no online service provision to full provision (OSI
from 0 to 1) is associated with an increase of 0.89
percentage points of GDP in corporate tax rev-
enue — about 41% of the sample mean (2.18%) -
while a one-standard-deviation increase in the
OSI (0.198) corresponds to a rise of 0.18 percent-
age points. Among the controls, GDP per capita
enters strongly and positively (f = 1.873, p < 0.01)
and control of corruption negatively (B = —0.942,

p = 0.009). The model accounts for 29.4% of the
within-country variation (R? within = 0.294; N =
327; 23 countries). Figure 2 visualizes this associa-
tion as an added-variable plot, where the slope of
the fitted line equals the estimated coeflicient.

This relationship is stable across specifications. It
is significant in every model that includes country
fixed effects — country fixed effects only (B = 0.743),
two-way fixed effects (B = 0.748), and country-spe-
cific trends (P = 0.743), all p < 0.05 - and washes
out only in pooled OLS and year-fixed-effects-on-
ly models that ignore cross-country heterogeneity.
In particular, the fiscal estimate survives the re-
strictive two-way specification, reported in full in
Table 2, column 2, so it does not depend on how
common time shocks are treated. Crucially, and
in contrast to the informal-economy estimate dis-
cussed next, the corporate-tax effect does not de-
pend on the pandemic period: it remains signifi-
cant when 2020-2021 are excluded (f = 0.947, p =
0.004) and is in fact strongest in the pre-2020 sub-
sample (B = 1.293, p < 0.001). The fiscal channel
is therefore a structural, period-independent fea-

Table 2. Fixed-effects estimates under the trend and two-way specifications: the Online Service
Index, corporate tax revenue, and the informal economy

Variable

Corporate tax revenue

Informal economy

(1) FE + trend

(2) Two-way FE

(3) FE + trend

(4) Two-way FE

Online Service Index
Linear time trend
Control of corruption
Log GDP per capita
flton sty
Trade (% GDP)
Ioternet users 0

Urban population (%)

Observations
Countries

R2

R? (within)

(0.282)
.. (00
09

0,002
-0006

-0.011

23

0.294

20029

3
S
LT R

ooy

LT R
Lo
2N S

(0.355)

2.105%**

0003
(©o004)
0004
(008
0019

23

oms
e
S 12 B S
T T .
Loy o pae

0030)

17/
22 N

L0808

(1.514)

©0.123)

RS AN I

(0.014)

L0032

(0.024)
(0.285)
25

0.096

0.185

e AT

(2.099)

008
e

o)
002
0019)
ool
0026)
o8
02%0)
eI
oo

B

Note: Columns 1 and 3: country fixed effects with a common linear time trend. Columns 2 and 4: country and year (two-way)
fixed effects; the linear trend is absorbed by the year effects, and within R2 is reported for the trend specifications. Cluster-
robust standard errors (by country) in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10. Dependent variables: corporate tax
revenue (% of GDP) in columns 1-2; informal economy (% of GDP, Asllani et al., 2026) in columns 3-4.
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Note: Residuals of corporate tax revenue against residuals of the Online Service Index, each after partialling out country fixed
effects and the full set of controls. The fitted slope (0.890) equals the OSI coefficient in the primary specification (Table 2,

column 1).

Figure 2. The Online Service Index and corporate tax revenue: added-variable plot

ture of the data. Kazakhstan contributes only the
final years to this estimate, because comparable
corporate-tax data are available there from 2019
onward following a change in revenue accounting;
Ukraine and Armenia contribute the full window.

3.3. Digital-government maturity
and the informal economy

Table 2, columns 3 and 4, report the relationship
between the OSI and the informal economy under
the two specifications. The two-way model - the
anchor of interpretation for this outcome - re-
turns a null (B = 0.09, SE = 2.09, p = 0.96). Under
the trend specification, the coeflicient is negative
and significant (B = -3.622, SE = 1.514, p = 0.025;
95% CI [-6.746, —0.498]): full digitalization is as-
sociated with a reduction of 3.62 percentage points
in the informal economy - roughly 13.6% of the
26.6% mean - and a one-standard-deviation in-
crease in the OSI with a reduction of 0.72 percent-

http://dx.doi.org/10.21511/imfi.23(3).2026.30

age points. The within-country explanatory power
of the trend specification is modest (R* within =
0.096; N = 365; 25 countries).

This estimate is considerably less robust than the fiscal
one, and its sensitivity is reported transparently in Table
3. Across fixed-effects structures it is significant under
country fixed effects (B = —4.92, p = 0.003) and under
the primary specification ( = —3.62, p = 0.025) but col-
lapses to zero under two-way fixed effects (B = +0.09,
p = 0.96; Table 2, column 4), indicating that common
year shocks absorb much of the identifying variation.
Alternative MIMIC scalings of the dependent variable
share the negative sign but differ in significance: the ef-
fect strengthens under the DGE and Elgin scalings (p =
—4.61 and —4.47, both p < 0.001) and weakens under the
Medina-Schneider scaling (3 = -1.25, p = 0.15).

Most importantly, the informal-economy effect is

concentrated in the pandemic period. Excluding
2020-2021 reduces the coefficient and removes
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its significance (B = —1.54, p = 0.118), and in the
pre-2020 sub-sample the estimate changes sign
and is null (p = +0.59, p = 0.475). As the trajec-
tories of the focal countries show, the 2020 con-
traction and 2021 rebound in the MIMIC series
account for much of the within-country varia-
tion that identifies the effect. Figure 3 contrasts
the period robustness of the two outcomes: the
corporate-tax coefficient remains bounded away
from zero across all windows, whereas the infor-
mal-economy coefficient loses significance and re-
verses sign once the pandemic years are removed.
Taken together, the informal-economy estimate is
fragile along three dimensions: it does not survive
two-way fixed effects; it loses significance under
the Medina-Schneider scaling and the QoG series,
while retaining it under the DGE and Elgin scal-
ings; and it disappears — and reverses sign — once
the pandemic years are removed. Its fragility does
not, however, extend to the temporal construc-
tion of the OSI: the association persists — indeed
strengthens — on the actual survey waves, under
linear interpolation, and with lagged values (see

Sensitivity analyses, Table 5). We therefore do not
read the evidence as showing that digitalization
reduces the informal economy across transition
economies in general. The defensible statement
is narrower: within countries, higher online ser-
vice provision is associated with lower estimat-
ed informality only in the pandemic window of
2020-2022. Throughout, the result is treated as
secondary, fragile, and potentially pandemic-spe-
cific - not as evidence of a general structural re-
lationship between digital-government maturity
and informality.

A split by income group is consistent with this
reading: the coefficient is negative in both groups -
larger and marginally significant among non-high-
income economies (p = —4.29, p = 0.065), which
include Ukraine, Armenia, and Kazakhstan, and
smaller and not significant among high-income
economies (f = -2.11, p = 0.128) - so the nega-
tive sign is not confined to the group most affected
by the pandemic adjustment, even if neither sub-
group estimate reaches conventional significance.

Table 3. Robustness of the informal-economy estimate

Specification N B (OSI) p-value
Alternative fixed-effects structures
POOledOLS 365 -3601 0,656
Countryfixedeffects 365 -49177 0,003
“‘Y‘ggr fixed gffects """""" 3@5 —4.§56 0685
Twowayfixedeffects 365 0,094 0.964
~Country FE + linear trend (prirp'ary) """ 365 —3.622** 0.025
Country FE + country-specific trends 365 —-4,917*** 0.003
Alternative dependent variable (MIMIC scaling)
""" 3§5 —3.622**
""" 323 —4.695***
""" 3%3 —4.46"8***
,,,,,, 308 1254 L0183
282 -0.151 0.794
Alternative digital-administration proxy
,,,,,, 365 362" L0025
,,,,,, 365 -3.856™"* L0002
365 -4.116 0.291
Period sub-samples
,,,,,, 365 -3622 L0005
,,,,,, 37 1538 Lous
294 0.587 0.475
Income groups (full sample)
Highincome economies 135 2106 L0128
Non-high-income economies 230 -4.292*% 0.065

Note: Each row reports the OSI coefficient from a separate estimation; cluster-robust standard errors (by country). *** p <
0.01, ** p<0.05, * p<0.10. Unless stated otherwise, the dependent variable is the Asllani et al. (2026) C.1 measure, and the

specification is country FE + linear trend.
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Note: Point estimates with 95% confidence intervals (cluster-robust by country) from the primary specification, estimated on
the full sample, excluding 2020-2021, and on the pre-2020 sub-sample. Left: corporate tax revenue. Right: informal economy.

The dashed line marks zero.

Figure 3. Robustness of the OSI coefficient by period

3.4. Exploratory mediation analysis:
parallel channels

A natural hypothesis is that digital tax administra-
tion reduces the informal economy by improving
tax compliance, with corporate tax revenue as the
transmitting channel. Because the total OSI-in-
formality association is itself unstable across spec-
ifications and concentrated in the pandemic years
(Table 3), the decomposition below is exploratory
and descriptive (see Data and Methodology): it
asks whether the conventional compliance chan-
nel finds support within the primary specification.
It does not.

Table 4 decomposes the total effect. The a-path
(OSI to corporate tax revenue) is positive and sig-
nificant (a = 0.909, p = 0.004), but the b-path (cor-
porate tax revenue to the informal economy, con-
ditional on the OSI) is insignificant and of the op-
posite sign to the mediation hypothesis (b = 0.593,
p = 0.160). The indirect effect is therefore small
and insignificant (a x b = 0.538; Sobel z = 1.32,
p = 0.186; proportion mediated = 15.6%), where-

as the direct effect remains large and significant
(c" =-3.980, p = 0.044) and close to the total effect
(c=-3.442, p = 0.049).

The evidence thus points to two parallel and inde-
pendent channels rather than a mediation chain
(Figure 4): the OSI is associated with higher cor-
porate tax revenue and, separately, is associated
with a smaller informal economy in the pandem-
ic-era data, but the former does not transmit the
latter. Given the instability of the total effect, we
attach no structural interpretation to this decom-
position; the conclusion retained from it is nega-
tive and conservative — there is no evidence that
the fiscal gains of digitalization transmit into
lower informality — and it holds a fortiori if the
total association is weaker than the primary es-
timate suggests. Where digitalization is associat-
ed with lower informality - in the pandemic-era
data - this is consistent with direct mechanisms
— greater transactional visibility and audit trails,
stronger deterrence, and lower costs of formal
compliance - operating independently of realized
tax collections.

Table 4. Mediation decomposition (parallel channels)

Effect Coefficient Std. error p-value
a: OSI - corporate tax revenue 0.909 0.287 0.004
"'6“593 ,,,,,,,,, 6‘,408 ......................... 0160 [
':5442 """"" il649 - 0049 o
3980 1867 0044
Indirect effect (a x b) ""(')‘.538 """"" ‘(')‘.407 0186 -

Note: Decomposition based on the primary specification (country FE + linear trend), N = 326 (observations with both cor-
porate tax revenue and the informal economy). Cluster-robust standard errors (by country). Sobel test z = 1.32 (p = 0.186);
proportion mediated = 15.6%.
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Corporate tax

revenue
a = +0.909%*x*
Digital-government ¢’ = —3.980* (direct effect) Informal
maturity (OSI) economy

Indirect effect axb = +0.538 (n.s.; Sobel z = 1.32)

Parallel channels — not a mediation chain

Note: Coefficients from the primary specification. The a-path (OSI > corporate tax revenue) is positive and significant; the
b-path (corporate tax revenue - informal economy) is insignificant (dashed); the direct effect ¢’ remains large and significant.
The small, insignificant indirect effect indicates parallel channels rather than mediation.

Figure 4. Online Service Index, corporate tax revenue,
and the informal economy: parallel channels

3.5. Sensitivity analyses

The biennial OSI is forward-filled between survey
waves, so Table 5 re-estimates both models under
alternative temporal constructions of the index:
the actual survey waves only, linear interpolation
between waves, and one- and two-year lags. The
corporate-tax estimate is insensitive to this choice
— it strengthens on the waves (p = 1.107) and under
interpolation (p = 1.318) and holds with a one-year
lag (B = 0.715, p = 0.021) - attenuating only at a
two-year lag, consistent with a contemporaneous-
to-short-lag association. Restricting the sample
to waves halves the observations; combined with
two-way fixed effects, the coefficient remains posi-

tive but loses precision (p = 0.578, p = 0.157). The
informal-economy association is likewise no ar-
tifact of forward-filling - it strengthens on the
waves, under interpolation, and with lags - so its
fragility lies specifically in the treatment of com-
mon time shocks, the measurement source, and
the pandemic window (Table 3), not in the con-
struction of the regressor.

Coverage and inference checks target the corpo-
rate-tax model, whose estimation panel is unbal-
anced: Uzbekistan reports no corporate-tax da-
ta, while Kazakhstan, the Kyrgyz Republic, and
Tajikistan enter with four, nine, and two years.
A near-balanced subpanel excluding these three

Table 5. Sensitivity analyses: temporal construction of the OSI, corporate-tax coverage, and small-

cluster inference

Specification N B (OSI) p-value
Temporal construction of the OSI (dependent variable: corporate tax revenue)
Forward-filled index (primary) ; 327 ; 0.890*** ; 0.005
Aty wavesonly
Linear interpolation between waves 0.002
Oneysarhe 0021
Two-yearlag e 280230 ] 0.472
Actual waves + two-way fixed effects : 174 0.578 0.157
Temporal construction of the OSI (dependent variable: informal economy)
_Forward-filled index (primary) : 365 : -3.622%* : 0.025
Actual survey waves only 0.001
Linsaintermolation betwsen waies L e
ONEYERIAE e 3O LTS 0,002
Jwo-yearlag .. S R = A S B AR S 0.027
Actual waves + two-way fixed effects -3.076 0.219
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Table 5 (cont.). Sensitivity analyses: temporal construction of the OSI, corporate-tax coverage,

and small-cluster inference

Specification : N B (OSI) p-value
Corporate-tax coverage and small-cluster inference

_ll\_lJeKe;r—baIanced subpanel (> 14 of 15 years; excl. KAZ, KGZ, 314 0.938%** 0.004
<0.016

0106

0.014

Wild cluster bootstrap, two-way specification : 327 0088

Coverage and inference (dependent variable: informal economy)
Excluding focal economies (UKR, ARM, KAZ) : 321 ' ~4.299%** 0.008
'Wild cluster bootstrap, trend specification . 6 23622 0.025

Note: Each row reports the OSI coefficient from a separate estimation; unless stated otherwise, the specification is country
fixed effects with a common linear trend, the full control set, and CRV1 cluster-robust standard errors (by country). Survey
waves are the biennial UN E-Government Survey years, 2008—2022. The leave-one-out row spans the 25 country-deletion
estimates. The wild cluster bootstrap uses Rademacher weights, 9,999 replications, and the null imposed (WCR11). *** p <

0.01, ** p < 0.05, * p < 0.10.

thin-coverage economies raises the coefficient to
0.938 (p = 0.004); excluding the focal trio leaves
it at 0.920 (p = 0.005); and leave-one-out estima-
tion across all 25 economies bounds it within
[0.774, 1.002] with a maximum p-value of 0.016, so
no single country drives the result. Conservative
small-cluster inference points the same way:
CRV3 jackknife standard errors and the wild clus-
ter bootstrap (Rademacher weights, 9,999 replica-
tions, null imposed) leave the trend estimate signif-
icant (p = 0.012 and p = 0.014), while both render
the two-way estimate marginal (p = 0.106 and p
= 0.088), with the point estimate unchanged. The
trend-specification informality association like-
wise survives the bootstrap (p = 0.025). The infor-
mality association is, if anything, stronger without
the focal economies (f = —4.299, p = 0.008).

4. DISCUSSION

The most robust result - a positive, period-inde-
pendent association between digital tax adminis-
tration and corporate tax revenue - sits squarely
within the literature. It echoes evidence that mo-
bile-money adoption lifts revenue (Apeti & Edoh,
2023) and that digitalization raises revenue where
state responsiveness and regulatory quality al-
ready exist (Lee, 2025), while micro-experiments
supply the mechanism: e-filing expands third-
party information and curbs negotiable discretion
(Okunogbe & Pouliquen, 2022). Its concentration

http://dx.doi.org/10.21511/imfi.23(3).2026.30

on the corporate base fits this logic: corporate in-
come is where discretion and profit-shifting are
largest. Lee’s (2025) conditionality is instructive,
not contradictory - in these comparatively devel-
oped administrations the complementarity is al-
ready met, explaining the effect’s stability across
specifications and periods.

The informal-economy association is more equiv-
ocal, and prior work explains why. It accords with
evidence that digitalization suppresses the corrup-
tion and extortion sustaining informality, includ-
ing structural analyses for Ukraine (Yefimenko
et al,, 2025b) and the bribery-reducing effect of e-
filing (Okunogbe & Pouliquen, 2022). Yet digital
tools can also open new shadow channels - cyber-
fraud, digital laundering, illicit crypto flows - so
their net effect is neither guaranteed nor uniform
(Yarovenko et al., 2024). That tension matches our
pandemic-bound finding: the 2020-2022 shock
most plausibly acted as a catalyst, forcing informal
activity into trackable digital channels (Sitnicka
& Serhiienko, 2025), not a structural, always-on
effect.

Finally, the rejected compliance-mediation chain
- digitalization shrinking informality by first rais-
ing collection - aligns with the view that digital
administration works through several indepen-
dent pathways, not one sequence. Syntheses of tax
capacity hold that technology at once broadens
the base, lowers costs and reconfigures detection,
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with no presumption that formalization precedes anomaly than a cross-country counterpart to that
revenue (Okunogbe & Tourek, 2024), while opti- micro-evidence: where digital administration is
mal-administration theory treats enforcement as  associated with formalization, the channel is visi-
parallel behavioral margins rather than a series bility, while revenue is mobilized through the base,
(Keen & Slemrod, 2017). Our result is thus less an  and the two need not coincide.

CONCLUSION

This study asked whether digitalizing tax administration acts as a fiscal-governance innovation in tran-
sition economies, shaping corporate tax revenue and the informal economy. Using a balanced panel
of 25 transition economies over 2008-2022 (N = 375), we estimated country-fixed-effects models with
the UN Online Service Index - a broad measure of the digital maturity of public administration — and
tested mediation between revenue and informality.

Greater online service provision is associated with higher corporate tax revenue (B = 0.890, p = 0.005)
— about 0.89 percentage points of GDP, roughly 41% of the 2.18% mean — stable across periods and speci-
fications, including two-way fixed effects and alternative constructions of the index, strongest before the
pandemic. The informal-economy evidence is weaker: under two-way fixed effects the coefficient is null,
and the association that appears under the trend specification (p = —3.622, p = 0.025) is confined to the
2020-2022 window, vanishes pre-2020, is not supported by all alternative informality measures, and is
largest among non-high-income economies, including Ukraine, Armenia, and Kazakhstan. Crucially,
an exploratory decomposition finds the two effects parallel, not sequential — corporate tax revenue does
not transmit the informality association (Sobel z = 1.32) - so where digitalization is associated with
lower informality, this operates independently of tax collection.

Because this corporate-revenue association is reliable and pandemic-independent, governments can
expect a revenue dividend from broad digital-government maturity, within which tax e-services - e-
filing, e-invoicing, digital cross-checking - are typically bundled; the evidence concerns the maturity
of online service provision as a whole, not the causal effect of any specific tax instrument. The gain is
meaningful in low-capacity settings, accruing through the corporate base, where discretion and under-
reporting are greatest.

Expectations for informality should be more measured: the association appears only during the pandem-
ic-era surge and is sensitive to specification and to how informality is measured - secondary, fragile, and
potentially pandemic-specific rather than structural - so digitalization alone is unlikely to shrink infor-
mality without complementary enforcement, simplified compliance, and formalization incentives - es-
pecially in Ukraine, Armenia, and Kazakhstan, where the association is strongest yet pandemic-bound.
Since revenue and formalization respond through separate channels, they are best pursued as distinct
tracks; and given the fragility of model-based informality estimates, digitalization programs should be
judged against administrative tax-collection data rather than informality indicators alone.

DATA AVAILABILITY

All data used in this study are publicly available. The informal-economy estimates (MIMIC method) are
from Asllani et al. (2026); corporate tax revenue and the other tax aggregates are from the ICTD/UNU-
WIDER Government Revenue Dataset (International Centre for Tax and Development & UNU-WIDER,
2023); the Online Service Index and the other e-government indices are from the UN E-Government
Survey (United Nations, Department of Economic and Social Affairs, 2022); the GovIech Maturity
Index is from the World Bank (2022); institutional quality is captured by the Worldwide Governance
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Indicators (World Bank), the Corruption Perceptions Index (Transparency International, 2023), and the
V-Dem public-sector-corruption index (V-Dem Institute, 2023); and the macroeconomic controls and
income classifications are from the World Bank World Development Indicators (World Bank, 2023) and
the World Bank country and lending groups (World Bank, 2021).
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APPENDIX A. Sample composition: economies, regions,
and income groups

Table Al lists the 25 transition economies in the estimation sample, grouped into the four regions used

throughout the study, together with each economy’s World Bank income classification and the binary
income group employed in the income-split robustness analysis (Table 3).

Table Al. Transition economies in the sample (N = 25), 2008—-2022

World Bank income grou .
No. Economy 1SO3 (2020 classiﬁcatiogn) P Analysis group
Baltic states (EU)
1 iEstonia ; EST ; High income ; High
L2 lawia A Highincome o o....Heh
3 ilithuania : LTU : High income : High
Central and Eastern Europe (EU)
4 Bulgaria ; Upper-middle income
I L2 e R HighinCOMeE
6 Czechia CZE
7. Hungary e HON e
8 Poland POL
.9 Romania i BOU e .Non-high
10 iSlovakRepublic i SVK ... Hehincome e High
11 iSlovenia H SVN : High income : High
Western Balkans
12 Albania : _ALB Upper-middle income ~_Non-high

VB
JMKD

} 13 » Bosnia and Herzegovina

L MNontigh

14 o Montenegro
..Non-high ..

15 North Macedonia

16 Serbia SRB Uppe'r‘:r'ﬁ‘i'ddleincome """""" Non-high
Former Soviet Union (non-Baltic)
17 iArmenia : ARM : Upper-middle income : Non-high
18 selarus BLR . Upper-middie income ~ Non-high
.19 Georgia e GO Upper-middieincome 0 Nonhigh
20 Kazakhstan KAZ Upper-middle income Non-high
2L KyreyzRepublic o KGZ Lowermiddieincome . Nonhigh
22 Moldova i MDA . Upper-middle income
23 Tajikistan TIK Lower-middle income Non-high
.24 Ukraine e IKR e Mowermiddieincome 0 Nonchigh
25 i Uzbekistan ; uzB ; Lower-middle income ; Non-high

Note: Regions are the authors’ grouping. The World Bank income classification is given as of 2020 (fiscal year 2021, based on
2020 gross national income per capita, Atlas method); classifications are time-varying, and Romania and Bulgaria — upper-
middle income in 2020 — subsequently reached high-income status (Romania from 2021, Bulgaria from 2024). The analysis
income group (High vs. Non-high) follows high-income status as of 2020 and matches the split used in Table 3 (9 high-income
vs. 16 non-high-income economies). The three focal economies (Ukraine, Armenia, Kazakhstan) are examined descriptively in
the Results; the selection rationale is set out in the Data and Methodology section.

APPENDIX B. Correlation matrix and the single-institutional-
control design

The six institutional-quality measures — Control of Corruption, Government Effectiveness, Rule of Law,
Regulatory Quality, the Corruption Perceptions Index, and the V-Dem public-sector-corruption in-
dex - are very highly intercorrelated (|r| between 0.79 and 0.97; Table B1), reflecting a single underlying
governance dimension. Including more than one would induce severe multicollinearity and unstable
estimates; the main specifications therefore retain a single institutional control, Control of Corruption
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(WGI), and use the remaining measures only as alternatives in the robustness analysis. Among the
regressors that enter the models jointly, the strongest associations are between Control of Corruption
and log GDP per capita (r = 0.82) and between the Online Service Index and internet penetration (r
= 0.74) - both well within the range consistent with the low variance-inflation factors reported in the
Methodology.

Table B1. Pairwise correlations among model variables

Variable W) 2 B @ (5 (6 (7 (8 (9 (10 (11)  (12) (13) (14)
(l)Informalgg’Q‘nomy $1.00 H H H H H H H H H H H H
(2) Tax revenue (total) -0.44: 1.00
(3) Online SerV|ce Index -0.22: 0.13 @ 1.00
(4) Control ofggrruption -0.46: 043 : 045 : 1.00
(5) Government effectiveness : -0.53 : 0.41 i 0.52 : 0.91 : 1.00
(6) Rule of law -055: 0.47 : 045 | 093 | 0.93 | 100
(7) Regulatory quality -0.50: 0.30 : 0.39 : 0.88 : 0.90 : 0.93 : 1.00
(8) CPI (Tran:s:é:z:a:rency Intl.) -0.48 0.44 : 043 { 097 | 0.89 | 0.93 i 0.90 | 1.00
(9)Publicfseggurcorr.(VfDem) 0.42 :-0.44:-0.36:-0.92:-0.82:-0.82:-0.79 :-0.90: 1.00
(10) log GDP per capita -0.48: 0.51 : 051 : 0.82 : 0.82 : 0.85 : 0.76 : 0.80 :-0.78: 1.00
(ll)Inﬂation:(ééinh) 0.23 i1-0.26:-0.03:-0.31:-0.36:-0.38:-0.38:-0.34: 0.26 :{-0.27: 1.00
(12) Trade (% of GDP) -0.48: 0.53 027 : 0.58 057 : 0.57 055 0.63 -064: 0.56 -0.12: 1.00
(13) Internet users (%) -0.33 034 . 074 | 061 : 0.66 : 0.61 : 0.55: 0.60 :-0.56: 0.69 :-0.23: 0.48 : 1.00 |
(14) Urban population (%) i-0.19: 036 : 0.33 : 0.51 : 046 : 0.45 : 043 : 0.48 :-0.56: 0.62 :-0.06: 0.39 : 0.44 : 1.00

Note: Pearson correlations over the estimation panel of 25 transition economies, 2008—2022; only the lower triangle is shown.
Variables are numbered as in the row labels; codes correspond to those defined in Table 1 and Appendix C.

APPENDIX C. Panel balance and data coverage

The estimation panel is balanced - 25 economies observed over 2008-2022 (15 years), or 375 country-
years. Table C1 reports raw data coverage by variable before listwise deletion; Table C2 reports the non-
missing count by year for the variables with material gaps; and Table C3 reports the resulting sample
sizes for the two primary specifications.

Table C1. Data coverage by variable (out of 375 country-years)

Variable Description © N | Coverage% : Countries .| Years : Full-25y
le_main Informal economy — MIMIC C.1 (primary DV) 374 997 .25 20082022 14
Informal economy — DGE (robustness) 329 87.7 22 2008-2022 0
economy — DGE | . P
20 2
20
(20082022 7
2008-2022
oon 30
20 2
(20082022 15

Informal economy — Elgin (robustness)

Informal economy — Medina—Schneider (rob.)

Corporate tax revenue

tax_total Total tax revenue

Log GOP per capita ; L35 20082022
Inflation (asinh) ..366 12008-2022 :
.......... trade_gdp :Trade (% of GDP) L35 2008-2022: 15 .
‘‘‘‘‘‘‘‘‘‘‘‘‘ internet Internet users (%) 33 2008-2022: 13 .
urban Urban population (%) 375 2008-2022 15
""""""""" cpi ' Corruption Perceptions Index (TI) L5 120122022 11

Note: Coverage is the share of the 375 country-years with non-missing values. “Countries” is the number of economies with
at least one observation; “Full-25y” is the number of years in which all 25 economies are observed. The digital-administration
proxies (OSI, EGDI, EPI) reach full coverage after forward-filling the biennial UN E-Government Survey within each economy;
lagged levels enter only the supplementary specifications.
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Table C2. Non-missing observations by year (maximum 25 per cell)

Year ie_main tax_total tax_corp cpi internet
2009 25 24 21 0 25
L2000 25 S 2 SN S IO S
2011 21 0 25
T
25
T
25
2 S O 2 S S SN S SRS S s S
2020 23 25
L2021 25 25 2S5
2022 : 24 : 24 : 23 : 25 : 25

Note: The Corruption Perceptions Index is comparable only from 2012 onward; Ukraine 2022 is the single missing informal-
economy observation, owing to the war-related data gap in Asllani et al. (2026).

Corporate tax revenue is the least complete variable entering the models (329 of 375 country-years;
87.7%). Uzbekistan reports no corporate-tax data, and coverage is sparse for Tajikistan (two years),
Kazakhstan (four) and the Kyrgyz Republic (nine), reflecting later or revised corporate-tax reporting.
After listwise deletion and the removal of singleton fixed effects, the corporate-tax model covers 23
economies and 327 country-years, whereas the informal-economy model - which does not use cor-
porate tax — retains 25 economies and 365 country-years (Table C3). These figures match the samples
reported in Table 2.

Table C3. Listwise sample sizes for the primary specifications

Estimation sample . Country-years Countries Dropped
10

Corporate tax model (DV: corporate tax revenue)

Informal economy model (DV: informal economy)

Note: Both specifications use country fixed effects, a common linear time trend, and the full control set; standard errors are
clustered by economy. “Dropped” is the number of country-years removed from the balanced panel of 375 through listwise
deletion and singleton removal.

http://dx.doi.org/10.21511/imfi.23(3).2026.30 459



	“Digital tax administration, corporate tax revenue and the informal economy: Panel evidence from 25 transition economies, with a focus on Armenia, Kazakhstan, and Ukraine”
	introduction
	literature-review
	data-and-methodology
	MTBlankEqn
	results
	discussion
	conclusion
	references

