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Abstract

The digital economy has fundamentally
reshaped the competitive dynamics of
manufacturing firms across Southeast Asia,
yet the productivity effects of e-commerce
adoption remain inadequately quantified in
the empirical literature. This study
investigates the relationship between e-
commerce adoption intensity, digital
infrastructure quality, and total factor
productivity (TFP) among manufacturing
firms in Malaysia, Thailand, Indonesia, and
Vietnam using an unbalanced panel dataset
covering 2,840 firms over the period 2015—
2023. Employing panel data econometric
techniques—including fixed effects, random
effects, and dynamic panel GMM estimation
—the study finds that e-commerce adoption
is associated with a 12.4% increase in TFP
(p < 0.001), with significant heterogeneity
across firm size, sector, and digital
infrastructure quality at the regional level.
The productivity premium is substantially
larger for small and medium enterprises
(SMEs) compared to large firms, suggesting
disproportionate efficiency gains from e-
commerce integration for smaller players.

Digital infrastructure quality, measured
through a composite index incorporating
broadband penetration, mobile connectivity,
and logistics efficiency, significantly
moderates the e-commerce—TFP
relationship. The study employs an
instrumental  variable  strategy  using
historical telecommunications infrastructure
as an exogenous instrument for current e-
commerce adoption, establishing stronger
causal evidence than prior cross-sectional
studies.  Findings  carry  significant
implications for digital economy policy,
SME development strategy, and regional
trade facilitation in ASEAN economies.

Keywords: digital economy, e-commerce
adoption, total factor productivity, panel
data, Southeast Asia, SME, GMM
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1. Introduction

The digital transformation of economic
activity represents one of the most
consequential structural shifts in
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contemporary  economic history. The
emergence of the digital economy—broadly
encompassing the range of economic and
social activities enabled by digital
technologies, including e-commerce, cloud
computing, artificial intelligence, and digital
finance—has disrupted established patterns
of production, trade, and competitive
advantage across virtually all sectors and
geographies (Bukht & Heeks, 2022). Within
this  transformation, e-commerce has
emerged as a particularly consequential
phenomenon: the ability to conduct
commercial  transactions  electronically
across firm boundaries, supply chains, and
national borders has fundamentally altered
the economics of market access,
distribution, and customer relationship
management (UNCTAD, 2021).

Southeast Asia presents a particularly
compelling laboratory for examining the
productivity  effects of e-commerce
adoption. The Association of Southeast
Asian Nations (ASEAN) region has
experienced some of the world's fastest
growth in digital economy penetration, with
e-commerce transaction values growing
from approximately USD 25 billion in 2015
to an estimated USD 218 billion in 2023,
representing compound annual growth of
nearly 31% (Google, Temasek, & Bain,
2023). This explosive growth has occurred
against a backdrop of significant
heterogeneity: =~ while  Singapore and
Malaysia have achieved digital
infrastructure standards comparable to
advanced economies, Indonesia and
Vietnam are still navigating the foundational
challenges of broadband connectivity,
digital payment infrastructure, and logistics
network development. This variation creates
a natural quasi-experimental setting for
examining how digital infrastructure

mediates the firm-level productivity effects
of e-commerce adoption.

Manufacturing firms occupy a particularly
strategic position in the analysis of e-
commerce's productivity effects. Unlike
service firms where digital transformation
often  constitutes the primary value
proposition, manufacturing firms must
integrate digital capabilities with physical
production  processes, supply  chain
management, and distribution logistics. The
productivity effects in manufacturing
therefore reflect a complex interplay of
process innovation, market access
expansion, supply chain efficiency gains,
and human capital adjustment costs
(Cardona et al., 2019). Understanding these
dynamics is essential for policy makers
seeking to leverage digital transformation as
a driver of manufacturing sector
competitiveness and economic upgrading.

The theoretical case for positive productivity
effects of e-commerce adoption is well-
established. Transaction cost theory (Coase,
1937; Williamson, 1985) suggests that e-
commerce reduces search, negotiation, and
monitoring costs in commercial
relationships, lowering the effective cost of
market transactions and enabling firms to
access more efficient suppliers and broader
customer bases. Knowledge spillover theory
predicts that participation in digital
commerce networks facilitates the diffusion
of market information, technological
knowledge, and managerial best practices
(Romer, 1990). Industrial organization
perspectives emphasize that e-commerce
intensifies product market competition,
disciplining firms to improve operational
efficiency to maintain profitability (Bloom
et al., 2020).
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However, the empirical evidence on the
productivity effects of e-commerce adoption
remains mixed and methodologically
contested. Several studies report significant
positive effects on firm productivity
(Cardona et al., 2019; Hagsten & Kotnik,
2020), while others find negligible or
heterogeneous effects that depend critically
on complementary factors including human
capital, organizational capabilities, and
digital infrastructure (Tambe et al., 2020). A
central methodological challenge is the
endogeneity of e-commerce adoption: firms
that adopt e-commerce may be
systematically different from non-adopters
in  productivity-relevant  characteristics,
creating selection bias that can inflate
estimated productivity effects in
observational studies.

This study addresses these challenges
through several methodological innovations.
First, the use of a firm-level panel dataset
spanning nine years (2015-2023) enables
control for time-invariant firm heterogeneity
through fixed effects estimation, mitigating
the selection bias that plagues cross-
sectional studies. Second, dynamic panel
GMM estimation (Arellano & Bond, 1991;
Blundell & Bond, 1998) accounts for the
dynamic nature of productivity and
addresses potential endogeneity through
internal instrumentation. Third, an
instrumental variable strategy exploiting
historical telecommunications infrastructure
as an exogenous instrument for current e-
commerce adoption provides additional
causal identification. Fourth, the explicit
modeling of digital infrastructure as a
moderator captures the enabling
environment within which e-commerce
adoption translates into productivity gains.

This paper proceeds as follows. Section 2
reviews the relevant literature on digital

economy, e-commerce, and firm
productivity. Section 3 identifies the
research gap and states the study's objectives
and hypotheses. Section 4 describes the data
and methodology. Section 5 presents
empirical findings. Sections 6 and 7 discuss
theoretical and practical implications.
Section 8 concludes.

2. Literature Review

2.1 The Digital Economy and Firm
Productivity: Theoretical Foundations

The relationship between digital technology
adoption and firm productivity has been a
central concern of technology economics
since the "productivity paradox"
documented by Solow (1987). Early
analyses found that massive investments in
information technology during the 1970s
and 1980s failed to generate commensurate
productivity improvements, generating a
paradox that spurred decades of subsequent
inquiry. Brynjolfsson and Hitt (2000)
demonstrated that the paradox largely
reflected measurement problems and
adjustment lags: when IT investments were
measured appropriately and sufficient time
allowed for organizational adaptation,
significant productivity effects emerged.

More recent scholarship has shifted focus
from general IT investment to specific
digital technologies, with e-commerce
emerging as a particularly studied domain.
Hagsten and Kotnik (2020) analyze firm-
level data from nine European countries and
find that e-commerce adoption is associated
with higher sales growth and productivity,
with effects concentrated among SMEs and
firms in competitive industries. Cardona et
al. (2019) conduct a comprehensive meta-
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analysis of 42 studies on IT and productivity
and find a mean elasticity of 0.07,
suggesting that a 1% increase in digital
technology investment is associated with a
0.07% increase in TFP. However, they
document substantial heterogeneity across
studies attributable to methodological
differences, sectoral coverage, and country
context.

In the Southeast Asian context, Phung et al.
(2021) examine e-commerce adoption and
firm performance among Vietnamese SMEs
and find positive effects on sales and export
probability but limited effects on measured
productivity, attributing the discrepancy to
the challenges of TFP measurement in data-
limited contexts. Similar findings are
reported by Srour et al. (2022) for
Indonesian  manufacturing firms, who
additionally = document  the  critical
moderating role of logistics infrastructure in
determining whether e-commerce adoption
translates into market access expansion.

2.2 E-Commerce Adoption Intensity and
Measurement

A critical methodological challenge in the
literature is the measurement of e-commerce
adoption, which ranges from simple binary
indicators (whether a firm uses e-commerce
or not) to continuous indices capturing
adoption  intensity = across  multiple
dimensions (Bloom et al., 2020). Binary
measures, while easily obtained from survey
data, obscure important variation in the
depth and scope of digital integration. Firms
vary substantially in whether they use e-
commerce primarily for downstream sales,
upstream procurement, or both; in the
sophistication of their digital payment and
logistics integration; and in the degree to
which e-commerce is embedded in their core
business processes versus used peripherally.

This study addresses measurement concerns
by constructing a multi-dimensional e-
commerce adoption index (ECAI) that
captures adoption across four dimensions:
online sales channels, digital procurement,
e-payment integration, and data analytics for
inventory and demand management. This
approach follows the methodology of
Tambe et al. (2020) and Srour et al. (2022),
enabling a more nuanced assessment of
adoption intensity than binary measures
allow.

2.3 Digital Infrastructure as an Enabling
Factor

The role of digital infrastructure in
mediating the productivity effects of e-
commerce adoption has received growing
attention in recent years, particularly in the
context of developing economies where
infrastructure deficits constrain the potential
benefits of digital technology adoption.
Digital infrastructure encompasses the
physical and institutional systems that
enable digital connectivity and commerce,
including broadband network coverage,
mobile telecommunications infrastructure,
digital payment systems, and logistics
networks (ITU, 2022).

Studies consistently find that e-commerce's
productivity effects are larger in regions
with superior digital infrastructure. Hjort
and Poulsen (2019) exploit the staggered
arrival of high-speed internet cables in
Africa to demonstrate that improved
connectivity substantially increases firm-
level productivity and export participation.
Akerman et al. (2020) document similar
effects in a Norwegian context, finding that
broadband adoption increased productivity
growth by approximately 6.5% in firms with
high digital skill requirements. For
Southeast Asia specifically, Banga and te
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Velde (2018) document that the productivity
premium from e-commerce adoption is
substantially larger in areas with above-
median logistics performance index scores,
highlighting the complementarity between
digital and physical infrastructure.

2.4 SME Heterogeneity in E-Commerce
Adoption Effects

Small and medium enterprises represent the
backbone of manufacturing sectors across
Southeast Asia, accounting for over 95% of
manufacturing establishments and
approximately 60-70% of manufacturing
employment across ASEAN member states
(OECD, 2021). However, SMEs face
distinct challenges in leveraging e-
commerce for productivity improvement,
including limited digital capabilities,
constrained access to digital finance, and
higher  relative costs of  platform
participation and logistics integration
(UNCTAD, 2021).

Despite these challenges, several studies
find larger proportional productivity gains
from e-commerce adoption among SMEs
relative to large firms. Cen et al. (2020)
analyze Alibaba platform data for Chinese
manufacturers and find that SMEs that
achieved threshold adoption levels—
measured by platform transaction volume
and operational integration  depth—
experienced TFP improvements 40-60%
larger than those observed in large-firm
adopters. The mechanism, they argue, is the
elimination of market access barriers that
disproportionately constrained SME
competitive positioning prior to digital
transformation.

2.5 Methodological Considerations in
Panel Data Studies

The estimation of causal effects in panel
data studies of e-commerce and productivity
faces several well-documented
methodological challenges. First, the
endogeneity of adoption—firms with higher
productivity trajectories may be more likely
to adopt e-commerce—creates upward bias
in OLS estimates. Second, measurement
error in TFP, particularly in manufacturing
sectors where output price deflators may be
poorly measured, introduces attenuation
bias. Third, adjustment lags between e-
commerce investment and productivity
realization may cause cross-sectional studies
to underestimate long-run effects.

The literature has developed several
strategies to address these challenges. The
use of lagged instruments in GMM
estimation (Arellano & Bond, 1991;
Blundell & Bond, 1998) exploits the
dynamic structure of panel data to address
endogeneity while accounting for TFP
persistence. External instrumental variables
—particularly geographic or historical
infrastructure characteristics that influence
current adoption but are plausibly unrelated
to current productivity shocks—provide
additional causal identification (Hjort &
Poulsen, 2019).

3. Research Gap

The existing literature on e-commerce
adoption and firm productivity leaves three
important gaps unaddressed. First, most
panel data studies are confined to single-
country contexts, limiting understanding of
how cross-national variation in digital
infrastructure and institutional frameworks
moderates the productivity effects of e-
commerce. Second, TFP measurement in
most existing studies relies on value-added
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approaches that may not adequately capture
the market access and competition effects
that are theoretically central to e-commerce's
productivity = mechanisms.  Third, the
dynamic adjustment process—the speed and
trajectory of productivity gains following e-
commerce adoption—has received limited
attention, yet has important implications for
the design of digital economy policies with
appropriate time horizons. This study
addresses all three gaps through its multi-
country panel design, TFP estimation using
both  value-added and gross output
production  function approaches, and
dynamic GMM estimation that captures
adjustment dynamics.

4. Objectives

1. To estimate the effect of e-commerce
adoption intensity on total factor
productivity among manufacturing
firms in  Malaysia, Thailand,
Indonesia, and Vietnam.

2. To examine heterogeneity in
productivity effects by firm size,
manufacturing subsector, and
national digital infrastructure quality.

3. To address the endogeneity of e-

commerce adoption using
instrumental variable and dynamic
GMM strategies.

4. To assess the moderating role of
digital infrastructure quality on the e-
commerce—TFP relationship.

5. To derive policy implications for
ASEAN digital economy strategy
and SME development programs.

5. Hypotheses

H1: E-commerce adoption intensity is
positively and significantly associated with
total factor productivity among Southeast
Asian manufacturing firms.

H2: The productivity effect of e-commerce
adoption is larger for SMEs than for large
manufacturing firms.

H3: Digital infrastructure quality positively
moderates the relationship between e-
commerce adoption and total factor
productivity.

H4: The productivity effects of e-commerce
adoption are larger in countries with higher
logistics efficiency scores.

H5: E-commerce adoption in upstream
procurement has larger productivity effects
than downstream sales channel adoption.

6. Methodology
6.1 Data

The study employs an unbalanced firm-level
panel dataset for 2,840 manufacturing firms
across Malaysia (n = 712), Thailand (n =
748), Indonesia (n = 820), and Vietnam (n =
560) over 2015-2023, constructed from
national enterprise surveys, World Bank
Enterprise  Surveys, and country-level
manufacturing census data. Firm-level
variables include output, capital stock,
employment, wage bill, intermediate inputs,
and e-commerce adoption indicators. Digital
infrastructure data are sourced from ITU,
World Bank, and national
telecommunications regulatory authorities.

6.2 TFP Estimation
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TFP is estimated using the Levinsohn-Petrin
(2003) semi-parametric procedure, which
uses intermediate inputs as a proxy for
unobservable productivity shocks,
addressing simultaneity bias in production
function estimation. Both value-added (labor
and capital) and gross output (labor, capital,
and intermediate  inputs) production
functions are estimated to assess robustness.

6.3 Econometric Specification
The baseline specification is:

In(TFP)it = a + BiECAIt + B2Xit + yDIQjt +
SO(ECAIL: x DIQjt) + pi + At + &t

Where ECAI is the e-commerce adoption
intensity index, X is a vector of firm-level
controls (size, age, export status, foreign
ownership), DIQ is the digital infrastructure
quality index at the regional level, p;
captures firm fixed effects, and A: captures
time fixed effects. GMM estimation using
Blundell-Bond (1998) two-step estimator is
employed as the preferred specification,
with Hansen J-test for instrument validity
and Arellano-Bond AR(2) test for second-
order serial correlation.

7. Data Analysis and Findings

7.1 Descriptive Statistics and Sample
Profile

Table 1: Sample Characteristics by
Country

Variab Malay Thaila Indone Vietn Full
. . Sam
le sia nd sia am
le
Firms

712 748 820 560 2,840
(n)

Variab Malay Thaila Indone Vietn Full
. . Samp

le sia nd sia am

Mean

TFP 4.82 461 423 444 450

(log)

Mean

ECAI 0.68 059 042 051 0.54

% o o o o, 70.3

SMEs 61.2% 67.4% 78.3% 71.5% %

o,

0 43.5

Export 48.3% 52.1% 31.4% 44.7%
ers

Mean

Firm

Age

(years)

DIQ

Index 0.76 0.64 048 0.57 0.61
(0-1)

164 148 126 103 134

7.2 TFP Estimation Results

Table 2: Production Function Estimates
(Levinsohn-Petrin)

Value- Gross
Added Output
Approach  Approach
Coeff. (SE) Coeff. (SE)
. 0.312%** 0.187***
Capital (B_K) 4 02g) (0.021)
0.624*** 0.341%**
Labor (B_L) ¢ 0a1) (0.033)
Intermediate 0.448***
Inputs (B_M) (0.038)
Returns to Scale 0.936 0.976
Observations 19,284 19,284

7.3 Main Panel Regression Results

Table 3: E-Commerce Adoption and TFP
— Panel Regression Results
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D) 2 FE B)RE ((‘}ll)VIM
OLS SYS

In(TFP) In(TFP) In(TFP) In(TEP)

sksk sksk sksk skk

ECAL 0.187%0.124+0.141++0.124

(0.031) (0.028) (0.029) (0.033)

ECLAI X ek ek sksk sksk
—- 0.093** 0.078** 0.082** 0.091

(0.041) (0.037) (0.038) (0.043)
Firm  Size0.142%* 0.081** 0.108** 0.077**

aog) k k >k £
(0.022) (0.019) (0.021) (0.020)
sksk ek
EXport  0.094%% ) 60,0, 0.071%% )

Status *
(0.028) (0.024) (0.025) (0.026)

0.038* 0.012 0.021 0.009

(0.019) (0.017) (0.018) (0.018)
Foreign ~ 0.119**0.087**(0.094** (0.081**
Ownership * * * *

(0.034) (0.030) (0.031) (0.032)

ICI)SbSGI'VaUO 19,284 19,284 19,284 16,444

R?2 / Wald
2

Firm Age
(log)

487.3**

3k

0.312 0.287 —

AR(2) test
(p-value)

Hansen J-
test (p-— — — 0.318
value)

— — — 0.214

Note: Standard errors in parentheses;
clustered at firm level. *** p<0.001, **
p<0.01, * p<0.05. Country and time fixed
effects included in all specifications.

7.4 SME vs. Large Firm Heterogeneity

Table 4: TFP Effects by Firm Size
(GMM-SYS)

SMEs (<I§;~l;§§ e

250 ~ Differenc

employee employee

s)

s)
sksksk sksksk

ECAI - 0.168 0.089 0.079%*
In(TFP)  (0.041)  (0.029)
ED%I 01120 0.067* o
In(TEP) (0.048)  (0.037)
Observation 13,538 5,746 .

S
Note: Chow test for equality of ECAI
coefficients across firm size groups: F(1,
19282) = 6.43, p = 0.011.

7.5 Hypothesis Testing Summary

Table 5: Hypothesis Testing Summary

. Statistical Supporte
Hypothesis Test Result d
H1: ECAICMM- _ Strong
TEPS Yo" B = positive  Yes
- 0.124, p <P

(positive) 0 effect

.001

H2: SME >Chow test: SME

Large firmF = 6.43, ppremium Yes
effect =0.011 confirmed

H3: DIQ Interactlon_ Positive
moderates term: [3

" moderatio Yes
ECAI-TF 0.091, p <\

P 0.01

Sub-
e
Lo DI p ™ ves
ters Y =0.183 vs.

low-DIQ B

=0.071
Hb5: Procureme

Procureme nt ECAL: ijrtlill}t}é d Partial
nt > Sales= 0.138 vs. PP
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Hypothesis Fit:;ttlstlcal Result (Siupporte
Sales

channel  ECAIL [ =
0.096

8. Discussion

The findings confirm that e-commerce
adoption generates meaningful productivity
gains among Southeast Asian manufacturing
firms, with the GMM-SYS estimates
suggesting a 12.4% TFP premium for a one-
standard-deviation increase in e-commerce
adoption intensity. Crucially, this effect is
robust to endogeneity corrections and firm-
level heterogeneity controls, strengthening
the causal interpretation. The larger SME
premium (16.8% vs. 8.9% for large firms)
suggests that e-commerce  primarily
generates value by eliminating market
access barriers that disproportionately
constrained smaller firms, consistent with
transaction cost theory predictions. The
significant moderation by digital
infrastructure quality underscores that e-
commerce adoption does not operate in a
vacuum; the enabling environment,
particularly  logistics  efficiency  and
connectivity infrastructure, is essential for
adoption to translate into productivity gains.

9. Theoretical Implications

This study advances the economics of digital
transformation in several respects. First, it
provides one of the first multi-country
causal estimates of e-commerce adoption on
manufacturing TFP in Southeast Asia using
dynamic panel methods, extending the
technological spillover literature to a
regionally underrepresented context.

Second, the documentation of SME-specific
productivity =~ premia  challenges  the
assumption in much of the literature that
digital technology adoption benefits scale
uniformly with firm size, suggesting instead
a non-linear, threshold-based relationship.
Third, the moderation framework integrating
digital infrastructure quality provides a
structural explanation for the heterogeneous
findings across countries in the existing
literature, reconciling seemingly
contradictory results by attributing them to
variation in enabling conditions rather than
methodological differences.

10. Practical Implications

For ASEAN policy makers, the findings
advocate strongly for continued public
investment in digital infrastructure as a
prerequisite for e-commerce-driven
productivity gains. Policies that improve
logistics  efficiency, expand broadband
coverage, and strengthen digital payment
infrastructure will substantially amplify the
returns to  private-sector  e-commerce
adoption, particularly in Indonesia and
Vietham where current DIQ scores are
below the regional median. For SME
development agencies, targeted support for
e-commerce adoption—through digital skills
training, platform access subsidies, and
logistics facilitation programs—is justified
by the documented SME productivity
premium. Multilateral development
institutions including the Asian
Development Bank and World Bank should
incorporate digital infrastructure quality
explicitly into SME digital transformation
support program design.
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11. Conclusion

Using a rich multi-country firm-level panel
dataset and rigorous econometric methods,
this study demonstrates that e-commerce
adoption generates significant TFP gains
among Southeast Asian manufacturing
firms, with larger effects for SMEs and in
regions with superior digital infrastructure.
The findings are robust to endogeneity
corrections via GMM and instrumental
variable approaches. Policy implications
point to the importance of complementary
investments in  digital infrastructure,
logistics systems, and SME digital capability
development to fully realize the productivity
potential of the region's rapidly expanding
digital economy. Future research should
examine the sectoral heterogeneity of effects
in greater detail and extend the analysis to
service-sector firms, which represent a
growing share of ASEAN economic activity.
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