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We examine the impact of COVID-19 on the performance of 12,000 firms in 32
countries and find that the majority of firms experienced permanent or temporary
closures, decreased sales and working hours, reduced production capacity, and worker
layoffs. However, the impact was heterogeneous across countries and industries. After
controlling for firm characteristics, macroeconomic conditions, and pandemic prevalence,
firms that have access to digital infrastructure performed better than those that do not. The
key channel is an enhanced capacity to adopt e-commerce business models and employ
larger share of the remote workforce, which boosts resilience when social distancing
measures are mandated.
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1. INTRODUCTION

The COVID-19 pandemic upended lives and economies. Analysts predict that the
global economy may be facing the deepest recession since the end of World War II
(World Bank, 2020a). At the same time, this crisis has highlighted the central role of

" We thank the World Bank’s Enterprise Surveys Unit for providing access to the survey microdata. The
authors bear the sole responsibility for any errors in the paper.
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digital connectivity in keeping our societies functioning, as ‘online everything’ quickly
became our new way of life (Katz, 2020). The sweeping operating-model transformation
prompted by the coronavirus is raising existential challenges for traditional business
models and the workforce of those models (Iansiti and Richards, 2020). Firms that have
invested in the digital transition path will do well while those that did not will struggle,
creating a new Digital Divide.

Despite the wide spread of information and communication technology (ICT) or
digital technology, it is not simple to clearly define the concept of the digital economy.
For instance, according to the OECD (2020): “The Digital Economy incorporates all
economic activity reliant on, or significantly enhanced by the use of digital inputs,
including digital technologies, digital infrastructure, digital services and data”. Buhkt
and Heeks (2017) refer to the digital economy as all businesses and services whose
operating models are mainly based on buying, selling, or providing digital products and
services, or supporting devices and infrastructure. The digital economy is expected to
account for about 22.5% of global GDP in this decade (Knickrehm et al., 2016).

ICT adoption can have a significant impact on development in many different ways.
First, ICT boosts economic growth by improving productivity, fostering new business
models and opportunities, and promoting innovation and entrepreneurship. Second,
digital technologies can create new job opportunities and reduce unemployment rates,
especially in sectors that rely heavily on ICT such e-commerce and telecommunication.
Third, ICT enhances the quality of education by providing access to digital learning
resources, enabling online education and improving the effectiveness of teaching and
learning processes. Fourth, digital technologies can improve healthcare delivery by
facilitating remote consultations, electronic health records, and telemedicine. Fifth, the
adoption of ICT can improve governance by enhancing transparency, accountability, and
citizen participation. This leads to better public services, increased citizen engagement,
and more responsive government. Finally, ICT can help promote social inclusion by
providing access to information and services to marginalized communities, thus
empowering them and reducing inequality.

Given the crucial role of the digital-economy development, there is an important
related concept, namely the Digital Divide. This is defined by the OECD as the disparity
between different individuals, households, communities, businesses, and geographical
regions in terms of both opportunities to access ICT and the use of the internet in various
activities." Simply put, it is the gap between those who actually have access to ICT and
are able to use it effectively and those who do not. Recent years witnessed many
national and international efforts to narrow the digital gap, which is both a consequence
and cause of inequality (United Nations, 2020). However, previous research contains
only the quantitative analysis of the Digital Divide. For example, Corrocher and
Ordanini (2002) measure the digital divide for ten developed countries during the period
2000-2001 by performing principal components analysis on six factors of digitalization

! Available at https:/stats.oecd.org/glossary/detail.asp?ID=4719
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but could not explain the cross-country differences. Meanwhile, Riickert et al. (2020)
confirm a growing digital divide across firms in the EU and the U.S. While firms that
are digitally inactive are falling behind, digitally active firms are forging ahead. Market
concentration is growing, with higher mark-ups evident in sectors where digital
technology is widely diffused (Calligaris et al., 2018).

The concept of Digital Divide and its role have been previously recognized in the
existing literature. Ayanso et al. (2010) provides an analysis on the gap between ICT
leaders and followers at both global and regional levels. The authors argue that the
digital divide is not just a gap between those who have access to technology and those
who do not, but also a gap between ICT leaders and followers. Reddick et al. (2012)
argue that the digital divide not only exists in terms of access to technology but also in
terms of access to information and services online. Armenta et al. (2012) opine that the
digital divide is not only a matter of access to technology, but also a matter of how
technology is used to promote sustainable development and community participation. In
the same vein, Pick et al. (2021) found that the digital divide is not just a matter of
access to technology but is also linked to socio-economic factors. They also found that
the digital divide is more pronounced in rural and low-income areas. Meanwhile, Heeks
(2022) aims to go beyond the traditional concept of the digital divide and propose a new
conceptualization of digital inequality in the Global South. The author argues that the
traditional concept of the digital divide, which focuses on access to technology, is
inadequate in understanding the complex ways in which technology can impact people’s
lives. The author proposes a new concept of “adverse digital incorporation,” which
captures the negative impact of technology on people's lives, such as job displacement,
loss of privacy, and social exclusion.

Ayanso et al. (2014) provide an assessment of the global and regional digital divide
and the role of ICT development in bridging this divide. The authors argue that despite
the significant growth in ICT development in recent years, the digital divide still exists,
particularly in developing countries. The paper presents a review of literature on the
digital divide and identifies various factors that contribute to the divide, including
infrastructure, affordability, and literacy. Sein and Furuholt (2012) explore the role of
intermediaries in bridging the digital divide, particularly in developing countries. The
authors argue that intermediaries, defined as individuals or organizations that act as
intermediaries between technology producers and users, play a critical role in facilitating
technology adoption and diffusion.

To add to the above literature, this paper sheds light on the significance of the
Digital Divide in the context of the COVID-19 pandemic. Prior to the pandemic, the
adoption of IT practices was optional for many businesses and countries. As a result, the
full impact of the Digital Divide was not entirely clear. However, the outbreak of
COVID-19 and subsequent social distancing and lockdown measures have made the
adoption of IT practices essential for businesses to survive. This has created a natural
experiment to assess the impact of IT on development, and the effects of Digital Divide
across various countries and business entities. By analysing these matters, this paper
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offers valuable insights into the impacts of Digital Divide, particularly in times of crisis,
and highlights the importance of IT adoption for development. Overall, we seek to
demonstrate the relevance and importance of the Digital Divide in today’s world, and
provide a new perspective on its potential impact by answering the following questions:

(1) What is the impact of the digital divide during the COVID-19 pandemic, and how
does it vary across countries and industries?

(2) How does digital access affect the potential of e-commerce and remote workforce
management and overall firms’ resilience?

The contribution of our study to the existing literature is three-fold. First, we devise
a tractable way to measure the effect of the digital divide during the pandemic based on
website ownership and social media platform usage. Second, we provide insights into
the heterogeneity of the digital effect across many countries and industries. Third, we
empirically test whether digital access enhances the potential of e-commerce and remote
workforce. Specifically, in order to explain diverse firm performance during the
pandemic, we empirically assess the role of access to digital infrastructure in the
resilience of businesses. After taking into account firm characteristics, macroeconomic
conditions, and pandemic prevalence, we found that firms that have access to digital
infrastructure performed significantly better than those that do not by taking advantage
of e-commerce opportunities and adopting improved workforce management practices.

The remainder of the paper is organised as follows. Section 2 reviews three related
strands of literature on the role of the pandemic in accelerating digital transformation.
Section 3 discusses the various models used in our empirical analysis. Section 4
describes the data and reports some preliminary analyses. Section 5 reports and
discusses the main empirical results on the impact of access to digital infrastructure on
firms’ resilience during the COVID-19 pandemic. Finally, Section 6 concludes the

paper.

2. LITERATURE REVIEW

2.1. The Impact of the COVID-19 Pandemic on Business Operations

Much more than a health crisis, COVID-19 affects all aspects of our life, economy,
and society. Production disruptions first emerged in Asia but spread quickly to supply
chains around the world. Nevertheless, the impacts of the COVID-19 shock are
asymmetric across industries (Bloom et al., 2021). Most businesses, regardless of size,
faced serious challenges. This is especially true for industries that involve social contacts
such as aviation, tourism, and hospitality industries. Many businesses suffered business
income losses and even insolvency and laid-off workers. Furthermore, the effects of the
COVID-19 outbreak vary across firms (Apedo-Amabh et al., 2020). Staying in business is
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especially difficult for small and medium-sized enterprises (SMEs). Due to social
distancing restrictions, many workers are unable to perform their jobs. This has a severe
impact on the incomes of workers, especially informal and temporary workers.
Consumers were unable or reluctant to purchase desired goods and services. In the
uncertain and worrisome COVID-19 environment, businesses are likely to delay
investing, buying goods, and hiring workers.

E-commerce is probably the most notable example of an industry that thrived during
the pandemic. According to a recent UNCTAD report, e-commerce saw a tangible rise
in its share of global retail sales, from 16% to 19% in 2020.> The success of
e-commerce businesses does not stem from hiring hundreds of workers nor investing
heavily in brick-and-mortar stores. Instead, e-commerce businesses invest in developing
and managing online websites. Online shopping giants such as Amazon, Alibaba,
Shopify, and Etsy have grown rapidly during COVID-19. COVID-19 is a major catalyst
that amplified the role of e-commerce in the retail sector.

The spread of COVID-19 and containment measures adversely affect productivity
(Bartik et al. 2020; di Mauro and Syverson, 2020) due to increases in intermediate costs
(Bloom et al., 2021). The allocation of resources within countries as well as across
sectors and firms is limited due to mobility restrictions and higher transaction costs
(Apedo-Amah et al., 2020). Consequently, allocative efficiency and aggregate
productivity growth declines. Bloom et al. (2021) estimated that total factor productivity
in the UK private sector dropped by almost 5% during the fourth quarter of 2020 and a
1% in the medium term. Further, the effects of the pandemic appear to be pronounced
among firms in low-productivity sectors. On the other hand, induced innovation may
mitigate the productivity-decelerating effects of the crisis (di Mauro and Syverson,
2020). The disruption might put pressure on firms to expand their use of digital
technologies or platforms to develop and implement new business models, resulting in
higher productivity growth (Apedo-Amah et al., 2020).

Apedo-Amah et al. (2020) provide a comprehensive analysis of the short-term
influence of the COVID-19 pandemic on businesses around the world. Based on a novel
data set of more than 100,000 businesses in 51 countries worldwide, the study
documented a pronounced impact of the pandemic, especially persistent negative effects
on sales. Leave of absence and reduction in working hours accounted for most of the
employment adjustment while employee layoffs accounted for a small share. Financial
constraints were a greater problem for smaller firms. Additionally, digital solutions were
a critical tool for firms to cope with the pandemic shock. Firms that suffered a larger
decline in sales faced greater uncertainty about the future, evident in job losses.

2.2. Working from Home and Productivity
Given the high transmission risk of COVID-19, instead of directly operating in

2 Available at https://unctad.org/system/files/official-document/tn_unctad_ict4d18 _en.pdf
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offices, many businesses switched to working remotely or work from home (WFH).
Interestingly, COVID-19 re-directed technical transformation in ways that enhanced
remote interactivity (Bloom et al., 2021). For instance, the number of new U.S. patent
applications that improved WFH technologies increased by more than twice from
January to September 2020 (Barrero et al., 2021). Useful technologies that facilitate
working remotely include chat, job assignment, timekeeping, and business management
software.

Remote teamwork is an appropriate work model for the digital environment. This
model is being deployed by more and more companies, especially those specializing in
technology. The application of technology to remote work reduces costs, increases
profits, and enhances customer satisfaction. Barrero et al. (2021) attribute the new
working arrangements to a boost in labour productivity of 5% relative to the
pre-pandemic situation. Along the same vein, WFH is found to raise productivity by
7.6% in a natural experiment of call center workers in the call centres of a Fortune 500
online retailer during 2018-2020 (Emanuel and Harrington, 2021). Similarly,
randomized control trials show that WFH improves the total factor productivity of Ctrip,
China’s largest travel agency, by between 20% to 30% (Bloom et al., 2015). Giving
employees some flexibility over time and place of work improves their productivity in a
randomized experiment at a large Italian firm (Angelici and Profeta, 2024).

However, the performance and productivity of the WFH model depend on each
person’s responsibility, professional style, and working style. Before the COVID-19
pandemic, WFH was often perceived as a form of shirking (Barrero et al., 2021). A
pre-COVID analysis reveals that productivity declines by 12% for workers who selected
WFH (Emanuel and Harrington, 2021). At the same time, many workers value social
interactions at work and opted to return to the office even though they were allowed to
WFH (Bloom et al., 2015). Additionally, many factors such as technology, internet
connection, data connection, and the specific nature of work have a significant impact on
the effectiveness of the WFH model. Therefore, it is not easy to effectively organize and
manage individuals, teams, and entire businesses remotely. Research reveals that
managers tend to be more concerned about remote work for collaborative work (Beham
et al., 2015; Juhasz et al., 2020). Conscious planning, combined with professional work
attitudes from WFH employees, is essential to productive collaboration.

In summary, the spread of COVID-19 has forced a large share of the workforce to
work remotely, although the levels of remote work vary considerably across industries
(Bartik et al., 2020). Despite its potential benefits, WFH also entails significant
challenges to businesses since they need to understand their teams well to ensure that
they function well. One example is identifying the employees who are suitable for WFH
and monitoring the work of WFH employees.

2.3. A Pandemic-Induced Deluge of E-Commerce Opportunities

E-commerce (electronic commerce), the buying or selling goods and services over
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the internet, first emerged in the 1960s. At a broader level, e-commerce refers to
transactions, purchases and sales, payments, orders, advertisements, and even deliveries
of products and services using electronic means such as EDI (electronic data
interchange), electronic mail, fax transmissions, radio, television, and computer
networks or the internet (Wong, 2013). The major advantage of e-commerce is that it
automates business activities and allows the provision of personalized goods and
services any time anywhere (Clarke, 2001). Some industries that use e-commerce
extensively include mobile commerce, electronic money transfer, supply chain
management, internet marketing, online transactions, EDI, inventory management
systems (Rahman, 2014). E-commerce helps businesses promote their brand and
enhance their presence in the market by providing a less costly and more efficient supply
chain. As a result, e-commerce adoption has a positive effect on product prices and
supply process quality (BarSauskas et al., 2008).

Even before the pandemic, consumers had been more demanding about choosing
products, sharing personal information, and deciding how they shop. In light of
unprecedented consumer empowerment, creating and managing a great customer
experience is the key to business success (Lemon and Verhoef, 2016). Online shopping
has helped businesses collect and analyze user data, eliminate human error from their
service, and optimize the customer experience (Ordanini and Rubera, 2010). The
number of digital buyers has been increasing steadily, from 1.3 billion in 2014 to 2.1
billion in 2021. E-commerce also opens up many new opportunities and markets for
SMEs and startups. In recent years, many businesses in the developing world have
digitally transformed themselves, making breakthroughs in production methods and
goods quality. SMEs generally have limited access to market information about
consumer behavior, alternative suppliers, and potential business partners (Madrid-
Guijarro et al., 2009). Adopting e-commerce renders market information cheaper, faster,
and more accessible. As a result, many businesses in developing countries are able to
reduce their transaction costs, which facilitates their participation in global supply chains
(Hempel and Kwong, 2001; Molla and Licker, 2005).

The COVID-19 pandemic accelerates digital transformation worldwide. Online
transactions spiked as global consumers became more familiar with online shopping
processes. Countries hit hardest by the pandemic experienced strong demand for
e-commerce as a result of lockdowns and community quarantines. Realizing the
potential of e-commerce, many businesses moved from brick-and-mortar retail stores to
online stores in order to stay in business. The global e-commerce industry is likely to
continue to grow rapidly in the coming years (Evans, 2021).

3. METHODOLOGY AND DATA

In this study, we use ownership of a website or social media page as a proxy for the
capability to do business online. Without access to online infrastructure such as a
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website, it is difficult for a firm to shift their activities and workforce online.> The
functional form of the econometric models depends on the nature of the dependent
variables. Throughout this paper, we examine three types of outcomes: (i) continuous
variables; (ii) binary variables; and (iii) ordered-categorical variables. In the following,
we set out our models corresponding to each type of variable. For tractability, model
descriptions are simplified with different notations only for the elements that
fundamentally distinguish the models.

3.1. Linear Regression Model

We use the following specification to analyze firms’ outcomes that are measured by
continuous variables, for example, the number of weeks closed due to COVID-19 or the
share of workers laid-off. The model has the form

Vii = @Yy + Xib + &, (1)

in which y;; denotes the outcome. y,; denotes the main explanatory variable of interest,
a binary variable indicating whether a firm owns a website or not. X; = {x;;}(k =
1,..,K) is a vector of K control variables capturing pre-COVID-19 firm
characteristics and determinants of firm performance. These are well established in the
literature and defined in Table 2 of the next section.' & denotes an error term with a
standard normal distribution. The estimated coefficients of the parameters w and
B = {Bx}, respectively, capture the effects of our variable of interest, website ownership,
and of the control variables, on firm outcome yy;.

3.2. Probit Model

We use this model to analyze binary outcomes, such as whether a firm closed
temporarily or not during the pandemic. The unobservable (latent) underlying data
generating process is

Yii = ayy + Xi{b + ¢, 2

3 Subsequently, we report in Section 5 that website ownership pre-2020 indeed strongly correlates with
the capability of adopting an online business model, providing delivery services, and managing a remote
workforce.

* These include physical and human capital endowments, growth rates of annual sales, size, age,
ownership structure, and the level of competition. We also control for industry effects with a dummy variable
indicating whether a firm operates in the manufacturing sector. At the macro level, we also control for
national economic policy changes as measured by the Government Economic Support Index of Hale et al.
(2020) as well as the changes in the COVID-19 situation as measured by the growth rate of new cases per
million people (Dong et al., 2020).
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in which y;; denotes a continuous latent variable capturing the propensity of firm i
exhibiting a particular outcome. X; and ¢; are defined as in model (1). Though y;; is
unobservable, the propensity of an outcome is related to the observed firm performance,
as captured by a binary variable y;;. The relationship between y;; and y;; can be
expressed via a link function, denoted as g(y;;):

_ ey _(0ify;; <0

For estimation, (3) can be rewritten as
Pr(yy =1) =1 - ®(—wyy — XiB), “

where @ denotes the standard cumulative normal distribution function. The parameters
w and B capture the effects of website ownership and the control variables on the
log-odds of the outcome. In our empirical analyses, we opt for transforming these
coefficients into marginal effects as:

8Pr(y1i=1)

rdyT = Pr(yli = 1|y2i = 1) — Pr(yli — 1|y2i _ 0),

8Pr(y1i=1) ,

% = [®(—wy,; — X{B)]B. “

These are computed as averages across all firms, i.e., average marginal effects
(AME), and can be interpreted as the effects on the probability of the outcome of a unit
change in X; and in y,; -i.e., going from “no website” to “have website”.

3.3. Ordered Probit Model

The ordered probit (hereafter, oprobit) model generalizes its probit variation by
dividing the continuum of outcome possibilities into a finite set of ranges, each
corresponding to one possible outcome captured by firms’ ordered categorical responses.
As discussed in the next section, an example of the ordered categorical y;; are the
answers of firms to the question “Is the firm currently open (1), temporarily closed (2)
or permanently closed (3)?”. It can be seen that there is a natural order of preference for
these answers, with being “open” given by the least severely affected firms and being
“permanently closed” given by the most severely affected firms. In our sample, all other
variables similarly relate to choices of “Decreased”, “Remain the same” or “Increased”.
Examples include production capacity or the number of a firm’s work hours during the
pandemic. In summary, there are always three alternative choices for each ordered
categorical variable.

The underlying data generating process of oprobit is essentially the same as that of



34 LONG HAI VO, THAI-HA LE AND DONGHYUN PARK

the probit model [Equation (2)]. The only difference is that the latent left-hand side
variable y;; now has three distinct values, rather than two. The link function in this
case is

O1ifco S yi<a
yii =9Wi) = {02if 1 < y5; <, (6)
Osif c; < y1; <c3

in which the ascending sequence of thresholds cy, ¢y, ¢y, c3 define the latent regions
into which y;; might fall, whereby ¢y = —c0 and ¢3; = © and ¢;,c, are parameters
for estimation (Roodman, 2011). To estimate (5) we can rewrite it more compactly as:

Pr(yi; = 0;) = ®(¢j — wyz — X{B) — ®(¢j-1 — wyz — X{B), (7

where O; denotes the j-th outcome (j = 1,2,3). The coefficients w and B capture the
effect of website ownership and control variables on the ordered log-odds of outcome j
against the log-odds of other two outcomes, ceteris paribus. The corresponding marginal
effects are

SPr(yyi = J) . .
—5“ = Pr(yy = jlyai = 1) — Pr(yy; = jlya = 0),
Yai
6Pr(yy = J) , )
— = [2(¢) — wyzi — XiB) = (¢j-1 — wy — X{B)]B. ®

Similar to the probit specification (5), here we compute the AMEs, which capture the
effects on the probability of outcome j of a unit change in X; and website ownership,
averaged across all firms.

3.4. Addressing Endogeneity

A potential source of bias to a causal inference of the impact of website ownership is
an endogeneity issue that arises from either (1) joint determination of such ownership
and firm performance by unobserved firm characteristics or (2) omitted variables. For
example, a firm that owns a website may also be more likely to adopt innovative
technology that helps mitigate the impact of the pandemic. To address this concern, we
instrument website ownership with a variable exogenous to the firm’s choice, namely
the number of power shortages the firm experienced during a typical month prior to the
crisis. A reliable power supply is indispensable for taking advantage of e-commerce
platforms such as websites or social media pages and ICT research and development,
especially in developing countries (Li and Vo, 2021).
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This instrumental variable reasonably satisfies the wvalidity criterion and the
exclusion restriction. While a high number of power shortages pre-COVID-19 reduces
the probability of website ownership (as will be shown in our analyses), there is no
direct link between it and firm performance during COVID-19, controlling for observed
firm characteristics. To produce instrumental-variable (IV) estimates, we implement the
conventional two-stage least square procedure for model (1), the IV-probit specification
for model (2) (Rivers and Vuong, 1988), and a mixed-process IV-oprobit model
(Roodman, 2011; Chesher and Smolinski, 2012).” Note that since y,; is binary, the
first stage of these IV regressions is itself a probit regression. Table 1 provides a
summary of all model specifications described in this section.

3.5. Mechanisms of Website Ownership Effect

As discussed in Section 1, e-commerce and remote workforce are important
determinants of firms’ resilience since they facilitate stronger sales and production and
mitigate the adverse impact on the labor force. Firms that can quickly (i) adopt and/or
improve their online business model, (ii) invest in delivery service improvement, and
(iii) increase the productivity of their remote workforce are more likely to overcome the
pandemic. Digital options are not available to all firms in the pre-crisis period, and the
digitalization decision depends crucially on the availability of digital infrastructure to
firms. Therefore, we investigate the extent to which website ownership, an indicator of
digital infrastructure, affects firms’ choices in adopting online business practices. For
this purpose, we extend our study with IV estimates of regression models similar to
those described above, using the same instrument as previously. Online business
practices are the dependent variable and website ownership is the independent variable
of interest.

4. DATA DESCRIPTION

Our main data source is the firm-level World Bank Enterprise Surveys (WBES).® A
primary advantage of the WBES is the comparability of a wide range of variables across
a large number of countries. For discussions of other advantages, see Rodriguez-Meza
(2020). We are interested in surveys conducted in two broadly defined data periods,
entitled pre-2020 and 2020. The former corresponds to the latest pre-COVID-19 data
available, from 2016 to 2019, that shed light on a broad range of business environment
topics, including access to finance, corruption, infrastructure, crime, competition, and

> All IV estimates are computed with maximum likelihood approaches implemented via the Stata
package “cmp” (Roodman, 2011).
§ Available at https://microdata.worldbank.org/
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firm-performance measures (World Bank, 2020c). The Enterprise Analysis unit
collected information on exactly the same samples of firms surveyed in the pre-2020
period, in an effort to gain insights on the various firm-level impacts of the COVID-19
pandemic (World Bank, 2020b).” We use the first round of this follow-up survey, which
covers the greatest number of countries and provides information on the immediate
impact of the pandemic shock. At the time of our writing, the second round was only
completed in a smaller number of economies, with virtually no data from African
countries, while the third round is largely in the planning stages.

Importantly, the 2020 follow-up data can be merged with the baseline pre-2020 data
with a unique firm identifier. Furthermore, to control for macro factors that affect firm
performance during the survey period, such as government support and the severity of
the pandemic, we collect data on the Economic Support Index from the University of
Oxford (Hale et al., 2020) and the growth rate of new cases from John Hopkins
University (Dong et al., 2020), respectively. These variables are recorded on a daily
frequency, and thus can be matched with WBES data using the dates of the firm-specific
interviews. Our merged cross-sectional sample consists of 12,990 unique firms
interviewed between 5™ May and 30" September 2020, covering 32 countries and 28
ISIC industries.”

Table 2 presents the detailed description of the variables. Columns (5) — (9) provide
summary statistics that reveal important features of our sample. For example, in panel
A1 that corresponds to sales outcomes, the first row of column (6) indicates that the
average answer of firms to the question “Is the firm currently open (1), temporarily
closed (2) or permanently closed (3)?” is 2.84, implying that most of the surveyed firms
closed during the outbreak. Rows 4 and 5 indicate that on average the closure period is
about two months (7.43 weeks) and sales are reduced by a staggering 40%. The first row
of panel A2 reveals that most firms reported a fall in total working hours per week. For
manufacturing firms, the average monthly output as a share of full-capacity output is
60%, implying a 40% reduction. Panel A3 shows that most firms reduced the total
number of temporary workers. About 15% of workers took leave or quit due to illness,
childcare, or mobility restrictions, 10% were laid off, and 20% were furloughed during
the pandemic.

7 The survey teams (national private contractors) re-contact all firms sampled in the immediate baseline
pre-2020 rounds using stratified random sampling. Survey modes are online interviews with phone-call
follow-up. The universe of inference is all registered establishments with five or more employees that are
engaged in one of the following activities defined using ISIC 3.1: Manufacturing, construction, services,
transport, storage, and communication and information technology.

¥ Note that we do not use panel data in our study. Our choice is justified by two factors. First, since the
follow-up interviews are only for firms from the immediately previous rounds and attrition rates for
even-earlier rounds are higher, merging data with earlier rounds significantly reduces our sample sizes.
Second, by construction, the questions related to outcome variables (i.e., performance during the pandemic)
are only available in the 2020 follow-up round. Therefore, information from even-earlier rounds is peripheral
to our main research question, viz., how pre-2020 characteristics affect post-2020 firm resilience.
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We are interested in examining whether firms’ website ownership, which is a proxy
for their capability to shift their businesses online, is a driver of economic resilience
during and post-COVID-19. Intuitively, this is why we examine the statistical
association between website ownership and firm performance. As a first pass, we look at
simple t-statistics for the tests of differences in means of outcomes between firms with
and without a website or a social media page. Column (12) of Table 2 shows that
website owners significantly outperform non-owners in all outcome dimensions. For
instance, the probability of temporary closure is 7% higher and the reduction in sales is
8.2 percentage points greater for firms with no website. Interestingly, the differences in
both mechanism variables (panel D) and pre-COVID firm characteristics (panel E) are
statistically significant except for government’s economic support. This implies that
using website ownership as an independent variable could result in self-selection biases
in our estimates since the choice of owning a website is not random and reflects factors
that are strongly linked to determinants of economic resilience. These include both
observables such as the endowment of physical or human capital and unobservables.
Therefore, using the number of monthly power outages as an instrumental variable
(panel C) is justified.

To conclude this section, we briefly discuss Table 3 which lists all countries
surveyed as well as the summary statistics of firm performance measures. The measures
are constructed based on the outcome variables described in Table 2. To facilitate
comparison, all are defined as country-level shares of the total number of firms. The
second-to-last row of Table 2 shows that, on a cross-country average basis, about 15%
of the surveyed firms experienced temporary or permanent closure, 33% reported
temporary closures due to the pandemic, and 67% and 50% had their sales and work
hours reduced, respectively. In addition, there are firms that had more than a quarter of
their workforce quit or take leave (7%), laid off (5%), or furloughed (17%). However,
these averages mask the heterogeneity of country-specific performance.

5. RESULTS AND DISCUSSION

5.1. Impact of Website Ownership on Firms’ Resilience during COVID-19

Table 4 summaries our main empirical results. Specifically, we report the marginal
effects of website ownerships on several firm performance outcomes using the baseline
model in column (4) and IV models in column (5).” The estimates from the baseline
models are not qualitatively different from those of the IV models, implying that biases,

9 . . . .
To conserve space, estimates of control variables’ coefficients are not shown in Table 4, but are

available upon request.
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Column (5) of this table shows that website ownership significantly mitigates the
adverse impact of the crisis on almost all firm performance measures. For example,
compared with firms that do not own a website or social media page, those that do are
2.88% and 3.69% less likely to suffer permanent and temporary closures while 6.57%
more likely to remain open. Among those that are currently open or have temporarily
closed, the probability of COVID-19-induced closure is 7.08% lower for website owners.
Interestingly, the effect of website ownership on the probability that sales decreased,
remained the same, or increased are not statistically significant for IV estimates,
although they are significant for baseline estimates.

In addition, website owners experienced 0.92 weeks less temporary closure and
boosted their sales by 7.7 percentage points compared to non-owners. Website owners
are 6.1% less likely to have their weekly work hours reduced, and 4.76% and 1.34%
more likely to have them unchanged and increased, respectively. As a result, their
production capacity utilization is 2.45 percentage points higher. Finally, the share of
workers that are furloughed is 3.18 percentage points lower in firms with a website. The
effects on workers quitting jobs and being laid off due to the pandemic are not
significant.

5.2. The Role of E-Commerce and a Remote Workforce

Having established a link between website ownership and online business
development and remote work arrangement, we directly examine the impact of the latter
on firm performance. Columns (6) and (7) of Table 4 present the results. Adopting an
online business model significantly reduces the probability of temporary closure by
21.31% and the probability of reduced sales by 10.36%. The probabilities of unchanged
or increased sales are 5.84% and 4.53% higher. Remote work arrangement, on the other
hand, does not significantly affect the number of temporary workers or the shares of
workers who left or quit or were laid off. However, working remotely reduced the share
of furloughed workers by a significant 3.44 percentage points.

5.3. Country- and Industry-Effects of Website Ownership

To conclude this section, we propose an approach that directly quantifies the impact
of website ownership in different countries and industries in our sample. For this
purpose, we replace the list of control variables contained in the vector X; (described in
Section 3) with a set of country-dummy variables C;, each of which takes the value 1 if
firm i is located in a particular country ¢ (c =1,...,32) and zero otherwise. The
corresponding set of industry-dummy variables, denoted as S;, consists of components
equal 1 if firm i operates in a particular ISIC sector s (s = 1, ..., 28). Then, we interact
these dummies with website ownership, resulting in the following models:

Vi = ayy + Cb+ (¥ X C)c + &,
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Vi = ayy; +Sid + (¥ X §))e + ¢, ©

where y; is either an observed dependent variable (linear model) or an unobserved one
(probit models). We are interested in the coefficients ¢ and e. To directly quantify the
digital divide effect, in each country ¢ and industry s, based on the IV estimates of (9)
we compute the predicted values of representative outcomes. These include (i) the
probability of temporary closure (SALE2); (ii) the share of full capacity utilization
(PROD2) and (iii) the share of workers who leave or quit (WORK?2) in the website firms
and non-website firms.

The predicted values for both groups are visualized in Figures 1 and 2. The countries
are ordered by the averages of website owners and non-owners. These figures clearly
highlight the differences between the two types of firms and provide a simple but
revealing gauge of the width of the digital divide in the COVID-19 era. The most salient
observation is the fact that website owners perform better than non-owners in all three
dimensions: They are less likely to experience temporary closure, more able to keep up
production, and suffered a smaller reduction in workforce. Second, somewhat
surprisingly, while the digital divide effect is substantial and heterogeneous across
countries, income level is not a strong predictor of the divide. That is, both poor and rich
countries can have either small digital divides (e.g., Chad and Jordan) or large digital
divides (e.g., Italy, Czech Republic, Nicaragua, and Guinea). Additionally, the ranking
of countries varies with the performance measure. For example, the gap in the
probability of temporary closure is largest for Lithuania (54%), while the gap in capacity
utilization and share of workers who leave or quit are largest for Niger (65%) and Chad
(37%), respectively. Countries with the smallest firm-level gap between website firms
and non-website firms include Jordan (18% gap in the probability of temporary closure),
Croatia (19% gap in capacity utilization) and Cyprus (0.21% gap in workers leaving or
quitting). Interestingly, Figure 2 suggests that the corresponding gaps in industries are
much smaller, though not less dispersed, than the gaps in countries. The cross-industry
mean and standard deviation of the closure probability gaps are 14.8% and 13.6%,
compared with cross-country mean and standard deviation of 41% and 8.8%. For
capacity utilization, the mean and standard deviation are 15.8% and 9.3% across
industries and 34.5% and 8.5% across countries. Finally, the corresponding figures for
the number of workers who leave or quit are 14.5% and 11.6% for industries and 21.9%
and 7.4% for countries. To sum up, once an industry is severely affected by the
COVID-19 pandemic, website ownership does not significantly mitigate the adverse
impact of COVID-19 once an industry is hit hard by the pandemic."

' For robustness, we also compute the corresponding marginal effects of going from not owning a
website to owning one and the results are available upon request. In general, the magnitude of these effects
also points to a digital divide, and their statistical significance is consistent with the implications of
differences in predicted outcomes: The marginal effects are significant for most countries, but not significant

for most industries.
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6. CONCLUSIONS

The development of the digital economy will bring many opportunities for
developing countries. The impact of the digital transformation depends on the
development and readiness of technology, along with policy design and implementation.
However, developing countries are also facing many challenges, including the lack of
resources to develop information technology infrastructure and a digital ecosystem. The
digital transformation also raises the possibility of a productivity paradox. Productivity
effects would not be generated if digital technology is still in the installation phase
during which new technologies are driven by the creation of new infrastructure and
superior ways of doing things. Growth occurs only during the deployment phase when a
new paradigm is widely diffused and becomes common practice across organizations,
enabling its full potential in terms of economic and business growth, productivity, and
profitability (Van Ark, 2016). As such, developing countries need to make efforts to
overcome existing capacity limitations and promote the development of the digital
economy.

In the ongoing global pandemic, digital technologies have become a critical enabler
of connectivity, thereby facilitating the continuity of our regular lives. When countries
imposed lockdowns and stay-at-home orders, entire populations turned to their digital
devices as a lifeline. Digital technology enabled a wide range of in-person activities,
including telework, telemedicine, food delivery and logistics, contactless payments,
online meetings, and remote learning and entertainment. Until global herd immunity is
achieved through sufficient progress on vaccination, online arrangements will continue
to be the new normal. Although the extent of online arrangements is expected to
diminish once the pandemic is contained (Barrero et al. 2021), the large-scale natural
experiment of digitalization during COVD-19 will no doubt fundamentally change our
living and working habits for a long time to come. Hence, the need for a reliable and
sustainable digital infrastructure is greater than ever as the world gradually recovers
from the unprecedented pandemic.

If the financial constraints faced by some market players hamper much-needed
investment in digital infrastructure, the societal and economic consequences could be
large and persistent (Katz, 2020). Solid research evidence on the benefits of digital
infrastructure investment can provide guidance for governments to consider such
investment. In this paper, to generate such evidence, we examine the impact of the
COVID-19 pandemic on the economic resilience of firms operating in developed and
developing countries.

Our research fills in a major gap in the literature about Information Technology (IT)
for development, namely the quantification of the impact of the Digital Divide across a
large number of firms, industries and countries during a crisis. This topic was not
studied extensively before, due to the lack of available data and more importantly, the
lack of a dramatic event that can reveal the true effect of the Digital Divide. The novel
and comprehensive data collated by the World Bank’s Enterprise Surveys Unit allow us
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to not only understand the effects of the pandemic on several performance dimensions,
including revenue, production, and labor outcomes, but also identify key firm-level
determinants of such performance. Furthermore, given the peculiar, and arguably unique,
nature of the current crisis that upended conventional business models based on social
interaction, we focus on examining one important factor that contributes to firm
resilience, i.¢., access to online business infrastructure.

Our paper also advances the IT for development literature with regards to the
methodological aspect. In this paper, we employed econometric models that use access
to a stable power supply as an instrument for website/social media ownership. Firms
which have more stable power supply can support better digital infrastructure and
subsequently are more successful commercially. Without this instrument, we could not
reliably identify the causal effect of digital infrastructure due to model endogeneity
concern. This feature of our models represents a significant contribution to both
academia and practitioners who seek to understand the broader impact of IT on modern
economic development.

In accordance with previous research, we document substantially heterogeneous
effects of the pandemic on economic performance across countries and industries. On
average, firms in poorer countries and service-intensive industries were more likely to be
affected by the social distancing restrictions. In particular, they are significantly more
likely to experience permanent or temporary closures, reduced sales and production
capacity, and a reduced workforce. After controlling for the local prevalence of the
disease and several firm-level characteristics, and using robust identification strategies,
we consistently found that firms with access to digital infrastructure are better prepared
for a switch to online business models and a remote workforce than firms without such
access. This preparedness eventually translates into mitigation of the pandemic’s adverse
effects on business and better firm performance.

The findings of our paper regarding the impact of digital technology on business
resilience during COVID-19 entail important policy implications. First, since we find the
effect of online commerce and remote workforce on resilience to be the highest for
middle-income countries, the returns to modernizing the digital infrastructure may be
highest in those countries. Secondly, it has been documented that small-and-medium
enterprises (SME) often lack the funds to continually enhance their technologies (Strack
et al. 2020). Given our finding that the performance of SMEs improved when they have
access to website ownerships, governments may consider supporting them with
subsidized loans or investment tax breaks to digitally enable their workforce. Finally, we
found that while access to online platform infrastructure enhances the potential for
e-commerce and remote working, it does not improve online delivery activities
significantly. This result reflects the substantial effect of stay-at-home restrictions which
suppressed even minimal physical contact, and implies that certain industries that rely on
at least some physical contact, such as food delivery, will suffer strong adverse effects,
regardless of the degree of digitalization. Since many of these industries are important
for the supply chain, they may need support policies tailored to their specific operating
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model.

We conclude our paper with discussions of caveats and future research possibilities.
Despite the fact that our data cover a wide range of economies and industries that were
affected by the pandemic, the lack of time-varying data may limit our understanding of
the evolving impact of the pandemic on firm resilience. In the future, once results from
additional surveys become available, analysis of the performance of firms over time
would be an interesting topic for research. Another future research direction would be to
assess the impact of government policies that supported the effort of firms to shift their
activities online.
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